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SUMMARY 
Most of the research on mathematical programming 
techniques in capital budgeting models consider the bor­
rowing interest rate as a constant rate with fixed debt 
limits, or by establishing a rising supply curve for funds. 
It is not considered in those models that the lender of funds 
take into account, among other factors, the capital structure 
of the firm in determining its borrowing ability. The objec­
tive of this work is to extend a capital budgeting model, 
taking Weingartner's basic horizon model as a point of depar­
ture, including the borrowing interest rate as a function of 
the debt-equity ratio, to develop a computational algorithm 
for solving the extended model, and to make economic inter­
pretations. 
In determining the interest rate—debt/equity ratio 
relationship, there were used publicly available data for 
two industries, and three options were used in expressing the 
debt-equity ratio: market value of debt over market value 
of equity, book value of debt over book value of equity, and 
book value of debt over market value of equity. 
Three models were developed. The first and the most 
general is a non-convex nonlinear programming problem, which 
was solved by the Hooke and Jeeves algorithm. Different 
starting points were used, resulting in essentially similar 
ix 
solutions. Thus, the nonconvexity of the model does not appear 
to result in different optima, at least in the range of prac­
tical values. 
The second model is a convex nonlinear programming 
model. It differs from the general model by the assumption 
of a fixed equity. It was solved also by the Hooke and Jeeves 
algorithm. 
The third model, an iterative linear model, can be used 
as a planning tool where the assumption of an average interest 
rate is appropriate. This approach recasts the nonlinear 
problem as a LP problem with fixed interest rates, and then 
makes an iterative process adjusting the interest rates 
until they correspond with the resulting debt-equity ratio. 
The Hooke and Jeeves algorithm is not efficient, but 
for this type of problem, it seems capable of finding the 
solution, whereas other methods were attempted with unsatis­
factory results. 
In general, it is concluded that either the non-convex 
model or the iterative linear model can be used to represent 
the relationship between borrowing interest rate and debt-
equity ratio. The non-convex model includes explicit interest 
rate functions, and is amendable to a variety of solution 
techniques. The models presented assume annual debt instru­
ments and thus predict much more rapid changes in aggregate 
interest payments than would actually occur; the use of the 
LP model, which employs a weighted average interest rate, 




The Capital Budgeting Problem 
The typical business firm has a set of human and 
economic resources which are employed in the achievement of 
its objectives. Almost always the firm has many opportunities 
to invest but has limited resources to undertake them. Such 
opportunities represent the use of those resources now, with 
the expectation of yielding a return after a certain period 
of time. Management has to decide how much of those scarce 
resources should be allocated to the various opportunities 
in order to maximize the benefits for the owners. 
The capital budgeting problem is defined as the deci­
sion problem whereby a firm attempts to select investment 
projects to maximize some overall measure of benefit while 
meeting certain constraints on money and other resources needed 
to operate the projects, and meeting constraints on project 
interdependencies. 
The capital budgeting decision affects the firm not 
only from the financial point of view, but in many other 
aspects as well. The stockholder's viewpoint is to prefer 
those projects which make the market value of the firm increase, 
so that individual share price is increased. The capital 
2 
budgeting decision can impact the expectations about the 
income or earnings per share currently and in the future in 
such a way that a bad capital budgeting decision may discredit 
the firm's image and thus cause a loss of goodwill that could 
imply mistrust about the company's stability and its dividends. 
On the other hand, the achievement of expected returns implies 
the ability of the firm to fulfill its promises and the 
ability to make profitable future investments. 
The capital budgeting decision involves many factors 
to be taken into consideration: the available amounts of 
scarce resources, the lifetimes of the proposals, the option 
of borrowing, the possibility of accepting fractions of pro­
posals, the option of reinvestment for cash receipts and the 
capital structure of the firm, among others. 
Payback methods as budgeting techniques have been 
declining in popularity through the years due to the use of 
discounted cash flow methods. Along with evaluation methods 
the use of optimization has become popular in solving capital 
14 
budgeting problems. However, these techniques have short­
comings that restrict their use to specific problems where 
certain assumptions must be made. There have been theoreti­
cal advances made in this field, but for the most part these 
have little immediate practical use because of certain assump­
tions as perfect capital markets, no differential tax effects, 
etc. 
3 
Capital Budgeting Models 
One of the most important contributions to capital 
budgeting models is Weingartner's work on the use of mathe-
2 4 
matical programming. Before his study, analysis techniques 
generally assumed unlimited availability of capital, the 
possibility of borrowing and lending at a market interest 
rate, and usually neglected many other real world constraints. 
Weingartner makes use of linear and integer programming in 
searching for the optimal solution without an explict 
enumeration of all the investment combinations. He includes 
the possibility of borrowing and lending, borrowing limits, 
and contingency relationships. He derives interesting rela­
tionships using the dual variables and shows basic short­
comings of previous modeling efforts. 
Since Weingartner many other contributions have 
appeared in the literature. Most of the formulations deal 
with the interest rate on borrowed money assuming a constant 
rate, perhaps with fixed debt limits, or by establishing a 
rising supply curve for funds where higher interest rates 
are associated with successive amounts borrowed. However, in 
determining borrowing ability and interest rates a lender 
considers, among other factors, the capital structure of the 
borrowing firm. The company, on the other hand, must deter­
mine not only how much capital to allocate to which proposals 
in order to maximize its objective, but to carry out that 
optimization has to consider how these proposals should be 
4 
financed. Two basic financing options are long-term debt and 
equity. Basically, the capital structure is determined by 
the mixture of long-term debt and equity used by the firm to 
finance its operations. Any significant variation in the 
capital structure will cause a change in the ability to bor­
row funds. 
The debt-equity ratio represents a trustworthy measure 
of the capital structure of a firm. The higher this ratio, 
the higher the firm's financial leverage which suggests a 
higher interest rate on borrowed money. 
Objective of This Study 
The objective of this research is to extend a capital 
budgeting model to include borrowing interest rate as a func­
tion of the debt-equity ratio, to demonstrate the computa­
tional ability of an algorithm for solving the extended model, 
and to obtain economic interpretations. 
Method of Approach 
The first part of the work deals with the interest 
rate—debt-equity relationship. Here there were used publicly 
available data for two important industry groups: chemicals 
and multi-industry companies with chemical process operations. 
In considering the debt-equity ratio there were followed three 
options: express the ratio as market value of debt over mar­
ket value of equity, as book value of debt over market value 
of equity, and as book value of debt over book value of equity. 
5 
For the first option it is considered that when a firm obtains 
additional financing the cost of this financing depends on 
the price at which the financial instrument is sold. In the 
same manner, suppliers of funds have more ability to view the 
firm's financial position according to its financial structure 
as measured in the market place. As Gitman"'"^ establishes: 
"This belief is based on the premise that if the firm were to 
obtain its existing financing today, receiving market prices, 
its financial structure would be that reflected by the market— 
not book values of its existing financial instruments." The 
second option is based on the fact that the book value of 
debt is what the firm really owes. The point of view of the 
lender is to examine the balance sheet and proforma income 
statement of the borrowing firm, where the interest rate will 
vary depending on the timing and special characteristics of 
the issue and lender. The last option takes into account that 
the stockholder's equity is not only composed of common stock 
but other terms for which market prices are difficult to deter­
mine, as in the case of retained earnings. The book value of 
equity is considered to be the sum of par value of common 
stock, capital surplus and retained earnings, minus the 
carrying value of treasury stock and the liquidation value 
of preferred stock. 
The mathematical programming model to be used should 
include the borrowing interest rate—debt-equity ratio rela­
tionship, resulting in a nonlinear programming problem. The 
6 
capital budgeting model taken as a base is Weingartner's 
horizon model. 
There are two basic approaches to solve the problem: 
1 . Recast it as linear programming problem with fixed 
interest rates, and then make an iterative process 
adjusting the interest rates until they correspond with 
the resulting debt-equity ratio. 
2 . Apply a nonlinear algorithm directly. 
It is expected that a more realistic model of capital 
budgeting will be obtained where the criterion to assign 
interest rates on borrowed money agrees more closely with 
what happens in real situations. 
Organization of Thesis 
Chapter II presents a literature survey about capital 
budgeting models; Chapter III describes the data collection 
and the results of the regression analysis to develop a 
relationship between borrowing interest rate and the debt-
equity ratio. Chapter IV presents the formulation of the 
linear and nonlinear programming problems, including the 
optimality analysis; Chapter V presents solution procedures 
and computational results; and Chapter VI presents the con­
clusions of the thesis and recommendations for future research. 
7 
CHAPTER II 
REVIEW OF THE LITERATURE 
In this chapter there is presented a review of the 
most important contributions to the development of determinis­
tic capital budgeting techniques. Only those works more 
directly related to the scope of this study are treated, so 
little mention is made of capital budgeting models with 
uncertainty. There are also described some aspects of the 
imperfections of the capital market considered in certain 
models. 
Definitions 
It is necessary to define some concepts related to 
the capital budgeting decision that will be treated through­
out this study. 
a. Rate of return. It is defined as the interest rate that 
reduces the present-worth amount of a series of receipts 
and disbursements to zero. For a proposal j, the rate 
* 9 
of return i_. satisfies the equation. 
n . 
Z P.. (1 + i . ) " * = 0 ( 2 - 1 ) 
t=0 3 r 3 
where F.. is the cash flow at time t for proposal j. 
3 ̂  
b. Independent proposals. A proposal is independent when 
8 
its acceptance has no effect on the acceptance of other 
proposals. 
c. Mutually exclusive proposals. A set of proposals are 
mutually exclusive when the acceptance of one of them 
will cause the rejection of the other alternatives in the 
set. 
d. Contingent proposals. A proposal is contingent when its 
acceptance depends on the acceptance of other proposals. 
Capital Budgeting Criteria 
For a long time one of the most widely used methods in 
capital budgeting has been the payback method. It indicates 
the number of years required to recover the initial cash 
investment, without interest. It is defined as the ratio 
of the initial fixed investment over the annual cash inflows 
for the recovery period. If the payback period is less than 
some upper bound payback period, the proposal is accepted; 
otherwise, it is rejected. This method cannot be considered 
as a measure of profitability because it does not take into 
account cash flows after the payback period. In addition, it 
does not consider the magnitude and timing of cash flows 
2 4 
during the payback period. Some authors ' treat it as a 
constraint to be satisfied rather than a measure of profit­
ability. The payback period method analyzes neither budget 
restrictions nor the way of financing the proposals, and 




As reported by Klammer, during the period from 1959 
to 1972 the use of internal rate of return and the use of 
net present worth have increased by a factor of five; mean­
while the use of payback period remained constant. 
The present worth criterion can be applied to indepen­
dent and to mutually exclusive proposals. The procedure is 
to rank the investment combinations in increasing order of 
initial investment, calculate the present worth of the incre­
mental investment at a rate of return specified by firm's 
top management, and accept those for which the incremental 
investment yields a positive present worth. 
5 
Joel Dean established a capital rationing theory 
based on internal rate of return. The point where the demand 
schedule for capital expenditures intersects the supply curve 
of funds determines a cut-off rate for a specific period of 
time. Any proposal with a rate of return higher than this 
cut-off rate should be accepted. The demand schedule is built 
ranking the proposals in decreasing order of internal rate of 
return, showing the cumulative amount of money that can be 
invested in the proposals (investment opportunity curve). 
It is assumed that the objective of the firm is to maximize 
profits, that all opportunities for investment are perfectly 
known, that investments can be considered to be in the same 
risk class, and that the firm has access to the capital 
market. Although he does not consider the possibility of 
10 
fixed budgets, restrictions on borrowing, the possibility of 
non-independent proposals, and the imperfections of the mar­
ket, his work is very relevant from the point of view of 
establishing a systematic procedure for the capital budgeting 
problem. 
A related procedure is presented by Gerald Fleischer 
in his article: "Two Major Issues Associated with the Rate 
of Return Method for Capital Allocation: 'The Ranking Error' 
9 
and 'Preliminary Selection.'" He established, in the first 
part of his paper, that ranking two alternatives in decreasing 
order of rates of return and choosing the one with the higher 
rate can be an incorrect decision (ranking error). He intro­
duces the concepts: technical and financial mutual exclusive-
ness. A set of proposals is technically mutually exclusive 
when only one of the alternatives is necessary to fulfill 
certain functions and is financially mutually exclusive 
when one or more alternatives may be acceptable, but not all 
can be accepted because of budget limitations. 
Fleischer develops a procedure for evaluating a set of 
proposals which can be applied to independent and/or mutually 
exclusive proposals. First, he defines the term "budget 
packages" as the set of all possible mutually exclusive 
feasible combinations of proposals. The maximum number of 
budget packages is given by 
N 
Q = TT (M.+l) 
j=l 3 
(2 -2 ) 
11 
where N is the maximum number of sets of proposals that are 
independent and is the maximum number of proposals within 
each mutually exclusive set J. Then he applies an incremental 
analysis using the internal rate of return criterion for 
21 
selecting the best package. Thuesen, Fabrycky, and Thuesen 
extended the procedure to include contingent projects. 
of resources for the case of mutually exclusive and indepen­
dent proposals considering budget restrictions for two periods. 
They proposed an iterative process for finding the optimal 
solution. The method requires one to fix two constants p^ 
and P 2 such that (y-p^c^~P2C2) is positive, where y is the 
present value of the proposal and c^ and C2 are the present 
values of the net outlays required in the first and second 
periods, respectively. The initial valaues of p^ and p 2 are 
fixed by judgment and subsequently they are changed by trial 
and error until the amounts to be spent in both periods are 
the amounts permitted by the constraints. The method attempts 
to give an integer solution; the values of p^ and P 2 are 
closely related to Lagrange multipliers. 
periods. Weingartner states the problem as an integer 
programming problem: 
Lorie and Savage 16 treat the problem of allocation 








subject to: I c. .x. < C. t = 1,2,..., T (2-4) 
J j = 1 t] ] - t 
Xj integer (2-5) 
where b.. = net present value of proposal j (discounted at 
the cost of capital of the firm, as is suggested 
by the authors). 
th 
c^j = the outlay required for the j proposal in the 
t period. 
C.. = the maximum permissible expenditure in period t. 
(0 if proposal j is rejected 
[l if proposal j is accepted 
Another attempt for solving capital budgeting problems 
is presented by Baumol and Quandt.''" They attempted, by using 
mathematical programming, to solve a capital budgeting problem 
and determine an appropriate set of discount rates simul­
taneously. Their model is: 
n n a . 
maximize: Z Z [ ^-r] x. (2-6) 
j=l t=0 (1+i) z J 
n 
subject to: Z b_-tx_. £ M f c t = 0 , l , . . . , h (2-7) 
x. > 0 j = 1,2,...n. (2-8) 
where i = rate of interest 
13 
= net cash flow from a unit of project j at period 
t. 
b j t = net amount of cash used by unit of project j 
during period t. 
x.. = number of units of project j selected. 
M t = amount of cash available from outside sources at 
period t. 
This formulation can include mutually exclusive proposals 
and integer solutions. The major result of the work is that 
the objective function cannot be formulated until the dual 
problem has been solved; but the dual cannot be solved unless 
the optimal primal solution is known. A drawback of the model 
is that it does not allow for borrowing and lending between 
periods. To remedy these difficulties, Baumol and Quandt 
suggest using a linear objective function of the dividend 
payments: 
maximize: Z tlW^ (2-9) t t t ^ ^ 
subject to: -Z a. .x. + W. + C. - CI , < M, 
J j tj j t t t" 1 *~ t (2-10) 
Xj >_ 0 (2-11) 
W t is the dividend at period t, is the utility of a dollar 
at period t, and is the cash amount carried from period t to 
t + 1. C t can be considered as a lending activity at zero 
lending interest rate where no borrowing activities are 
14 
allowed. From the dual problem they obtain p t >_ p t + 1 
for t = 1,2,..., T-l, which implies that a marginal dollar at 
time t will always be worth at least what it would be worth 
one period later. 
One of the most complete treatments of the use of 
mathematical programming to allocate capital is the work of 
24 
Weingartner. He defines the basic horizon model: 
n . 
maximize: £ a.x. + v - w _ (2-12) 
. - , 1 1 T T 3=1 J J 
n 
subject to: £ a^.x. + vi ~ wi £ D i (2-13) 
j=l 1^ 
n I a x - d + r ) v t _ 1 + v t + d + r ) w t _ 1 - w f c < D f c 
j=l 
t —* 2,3,..., T 
(2-14) 
0 <_ x_. <_ 1 j = 1,2,..., n (2-15) 
w t , v t _> 0 t = 1,2,..., T (2-16) 
where a . = cash flow at time t resulting from acceptance of ^ J 
-A 
proposal j. (a . > 0 is considered as an expendi-
ture and a . < 0 is considered as a revenue). ^ J 
a^ = present value at the time of the horizon of cash 
flows subsequent to the horizon, discounted at 
rate r. 
D t = amount available for investment at period t from 
15 
outside sources. 
w t = amount borrowed from year t to t + 1. 
v t = amount lent from year t to t + 1. 
Xj = fraction of proposal j accepted. 
The objective function attempts to maximize the net 
value of assets at the horizon T, which are expressed as the 
funds available for lending and the present value of the net 
cash flows after the horizon. Lending and borrowing activities 
are permitted without limit at a specified interest rate r, 
and complementarity and competitiveness between proposals 
may be added to the established model. 
Subsequently, Weingartner changes certain assumptions 
made under the perfect capital market conditions; there are 
imposed absolute limits on the amount of debt that the firm may 
carry. Because this type of restriction may be considered too 
rigid for real situations, this constraint is extended to a 
rising supply curve for funds. It is assumed that higher 
rates of interest are associated with larger amounts borrowed, 
due to the fact that as the debt is increased the probability 
of default is increased too. 
Taking the concept developed above, the rising supply 
curve of funds can be seen as a set of absolute limits on 
amounts borrowed at different interest rates, obtaining a 
step function interpreted as the marginal cost of funds, 
which can be transformed into an average cost of funds curve, 
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A m o u n t B o r r o w e d ($) 
Figure 2-1. Marginal Cost of Funds Curve. 
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Considering r^ as the interest rate which applies to the 
th 
i step of the supply curve, w ^ as the amount borrowed 
in this step at year t, and B^ t as the upper limit of the 
th 
i step, the capital budgeting model becomes: 
n m 
maximize: E a.x. + v - E w.^ (2-17) 
j=l 3 3 J- i=l 1 1 
n m 
subject to: E a,.x. + v, - E w.,< D, 
j=l ID 3 1 i = 1 H - 1 
(2-18) 
t — 2 , 3, . • • T • 
n m m (2-19) 
E a. .x. - (l+r)v. n + v. + E (l+r.)w. . , - E w.. < D. . , tn i t-1 t . n l i,t-l . , it — t 3=1 J J i=l ' i=l 
w i t <_ B i t t = 1,2,..., T. i = 1,2, , m. (2-20) 
0 _< x_. _< 1 j = 1,2,..., m. (2-21) 
v t, w t >_ 0 t = 1,2,..., T. (2-22) 
where r^_± < r i < ri+l* Weingartner suggests the use of 
integer programming in the solution of this modification of 
the basic horizon model. Finally, he treats the possibility 
of optimizing the timing and amounts of stock to be issued. 
2 
Bernhard summarizes in his article: "Mathematical 
Programming Models for Capital Budgeting—A Survey, Generali­
zation, and Critique," most of the most important works in 
18 
the field, and proposes a generalized deterministic mathema­
tical programming model which is essentially based on the 
studies of the authors discussed in his paper. He points out 
that the objective functions of most of the models do not 
allow dividend payments before or at the horizon. He defines 
an objective function to be maximized as f(W^, W2,....W T, G ) , 
where is the dividend paid during year t, and G is the 
terminal wealth, which is defined below. 
The proposed model includes a cash balance restriction, 
as in Reference 24, adding the concept of compensating balances. 
There is a group payback restriction as suggested by Byrne, 
4 
Charnes, Cooper, and Kortanek, and also Weingartner 1s 
"manpower" restriction. There is introduced a terminal wealth 
definition restriction, following payment of dividends, 
defined as: 
n . 
G = M' + a j X j + v T 4 - c T w T 4 - C T - w T (2-23) 
which is the same as treated in Reference 24. A terminal 
wealth horizon posture constraint assumes that G >_ k + 
g(w^,..., w T ) , where k is a constant greater or equal than 
zero, and G is a function greater or equal than zero. 
Rewriting the equation thus, 
-G +g (wir w 2 , w T ) <_ - k (2-24) 
This does not allow the firm to have a negative terminal 
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w e a l t h . The model i n c l u d e s upper bounds on b o r r o w e d f u n d s , 
t h e p r o h i b i t i o n o f m u l t i p l e p r o j e c t s , and n o n - n e g a t i v i t y o f 
t h e v a r i a b l e s . An a n a l y s i s o f t h e K u h n - T u c k e r c o n d i t i o n s 
y i e l d s i n t e r e s t i n g e c o n o m i c i n t e r p r e t a t i o n s o f t h e d u a l v a r i ­
a b l e s , s i m i l a r t o t h o s e p r e s e n t e d i n o t h e r m o d e l s i n t h e 
l i t e r a t u r e . 
The I n v e s t m e n t and F i n a n c i n g D e c i s i o n s 
M o s t o f t h e m o d e l s d i s c u s s e d i n t h e a c a d e m i c l i t e r a t u r e 
assume a p e r f e c t c a p i t a l m a r k e t s i t u a t i o n : t h e r e i s no r e l a ­
t i o n b e t w e e n i n v e s t m e n t p r o j e c t s e l e c t i o n and t h e f i n a n c i n g 
p r o b l e m . T h i s s i t u a t i o n i s e i t h e r assumed o r d e r i v e d f r o m 
17 
a x i o m s . I n r e a l i t y , when a f i r m i s b o r r o w i n g f u n d s t h e 
l e n d e r a n a l y z e s many a s p e c t s o f t h e c o m p a n y ' s f i n a n c i a l a n d 
m a n a g e r i a l s t r u c t u r e . F u r t h e r m o r e , r e s t r i c t i v e c o v e n a n t s a r e 
o f t e n imposed a f t e r g r a n t i n g t h e l o a n , s u c h a s w o r k i n g - c a p i t a l , 
f i x e d - a s s e t , management , and d i v i d e n d c o n s t r a i n t s . The q u e s ­
t i o n o f w h e t h e r o r n o t t h e c a p i t a l s t r u c t u r e o f t h e f i r m , 
r e p r e s e n t e d by t h e m i x t u r e o f l o n g - t e r m d e b t and e q u i t y u s e d 
by t h e f i r m t o f i n a n c e i t s o p e r a t i o n s , a f f e c t s i t s t o t a l 
v a l u a t i o n i s d i r e c t l y r e l a t e d t o t h e i n v e s t m e n t p r o j e c t d e c i ­
s i o n m a k i n g . The e f f e c t o f c h a n g i n g t h e d e b t - e q u i t y r a t i o 
on t h e t o t a l v a l u a t i o n o f t h e f i r m and t o i t s c o s t o f c a p i t a l i s 
e x p l a i n e d by many a u t h o r s on t h e b a s i s o f p a r t i c u l a r a s s u m p -
17 
t i o n s . 
The c o s t o f c a p i t a l o f a c o r p o r a t i o n i s t h e c o s t o f 
20 
obtaining funds, or, equivalently, the average return that 
an investor in a corporation expects after having invested 
3 
proportionally in all the securities of the firm. I f it is 
assumed that the cost of capital is independent of the level 
13 
of investment, that is, it does not depend on a leverage 
measure (debt-equity ratio), the capital budgeting problem 
would be a simple task. The criterion for accepting or 
rejecting an investment project would require the comparison 
of the rate of return of the proposal with a fixed rate. 
However, because the cost of capital is a function of the 
level of investment, the corporation has to establish a 
capital structure and investment function. 
Financial leverage may be defined as "the effect on 
the per share earnings of the common stock of a firm when 
large amounts must be paid for bond interest or preferred 
stock, or both, before the common stock is entitled to share 
3 
i n e a r n i n g s . " A f i r m f i n a n c e d w i t h s t o c k o n l y d o e s n o t h a v e 
leverage because all earnings are available for stockholders. 
It is generally agreed that as the proportion of debt 
increases and the capacity of the firm to service its 
debt without default decreases, the debt becomes a more 
risky investment in the mind of the lender, so that he 
will expect a higher interest rate to compensate for 
the increased risk.10 
As pointed out by Haley and Schall in their book: 
The Theory of Financing Decision: 
There is a general agreement that equilibrium expected 
rates of return on debt and equity depend upon the 
proportion of debt financing used by the firm. As the 
proportion of debt increases, the probability of default 
may increase, bond prices may fall, and the expected rate 
21 
of return on the bonds may rise. Similarly, as the 
debt increases, the riskiness of the equity stream also 
rises and so will the associated required rate of return. 
Consequently, in a risk-averse market, the expected 
rates on both the debt and equity stream increase as the 
proportion of debt increases. 
The above leads to the question of which method of 
financing to use. Corporations tend to use debt in addition 
to common stock mainly because the tax-deductible characteris­
tics of the interest costs reduce the explicit cost of debt. 
From the viewpoint of capital structure it can be said that 
the firm that does not use long-term debt has an unused bor­
rowing capacity. If the firm increases its long-term debt the 
interest rate paid will be constant over a range, and will 
22 
rise after a certain point. When bonds are issued, there 
3 
is a basis for increasing the size and quantity of assets 
which should cause higher levels of revenue and income to 
be available to the common shareholders, who have not 
increased in number. Beyond a certain point of leverage, the 
higher cost of debt and higher risk of default lead to greater 
equity return rates needed to maintain attractiveness of 
equity funds (Figure 2 - 2 ) . 
The corporation must make simultaneously the invest­
ment and financing decision to maximize the welfare of the 
stockholders, not separately. It is necessary to optimize 
investment project selection considering the required pro­
portion of debt and equity financing, and a relationship 
relating a leverage rate to the borrowing rate should be 
included in the analysis. 
22 
P e r c e n t a g e 
R e t u r n on E q u i t y -
L e v e r a g e ( D e b t / E q u i t y ) 
F i g u r e 2 - 2 . L e v e r a g e E f f e c t s . 
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Using the above concepts as a starting point, in the 
next chapter there is studied the relationship between the 
borrowing interest rate and the debt-equity ratio. 
24 
CHAPTER III 
DATA COLLECTION AND REGRESSION ANALYSIS 
In this chapter there is described the procedure 
followed in obtaining the relationship between the interest 
rate on borrowed money and the debt-equity ratio. Different 
options for expressing the debt-equity ratio are given, 
along with some relationships between the interest rate 
and other financial ratios. 
Data Collection 
In order to carry out the empirical study two important 
industries were chosen (Table 3-1): 
1. Chemical industry 
2 
2. Multi-industry companies with chemical process operation. 
The collected data correspond generally to operations 
during 1977, and were gathered directly from published 
annual reports. Tables 3-2 and 3-3 show this information 
for both industries. 
The Debt-Equity Ratio 
Three forms are considered for expressing the debt-
equity ratio. The first one is the market value of debt over 
market value of equity. The market value of debt is the long-
term debt of the firm computed from the current long-term 
yield of the firm's bonds traded in the New York Stock 
25 
Exchange, on the date of issue of the annual report for the 
firm. The market value of equity is the number of shares 
outstanding times the last price at which the stock was sold 
g 
on the date of issue of the annual report. 
Expressing the ratio of market values reflects the 
fact that debt and equity shares are traded regularly. By 
this form the financial structure of the firm can be seen 
from the viewpoint of the market place. 
The second alternative is to consider the book value 
of debt over book value of equity. Book value of debt is the 
redemption value of outstanding debt, and the interest rate 
is estimated as a weighted average of the long-term coupon 
rates associated with the debt. The book value of equity is 
considered to be the par value of common stock, capital sur­
plus, and retained earnings, minus the carrying value of 
treasury stock and the liquidation value of preferred stock. 
This case reflects the viewpoint that the lender analyzes a 
prospective borrower by examining his financial statements. 
The debt values show how much the firm owes under different 
borrowing and repayment conditions. In comparing the market 
versus the book value of equity, it can be noted that in 
the former case the market value of common stock includes the 
value placed upon retained earnings. 
The third alternative considered for expressing the 
debt-equity ratio is the ratio of book value of debt over 
market value of equity. Tables 3-4 and 3-5 show how the 
26 
market value of equity is obtained and Tables 3-6 and 3-7 
give the book and market value of equity, the current long-
23 
term yield and the weighted average interest rate. 
Borrowing Interest Rate-Debt/Equity Relationship 
In order to find an empirical relationship between the 
debt-equity ratio and the borrowing interest rate, there 
can be suggested a function where the interest rate increases 
as the debt-equity ratio increases. Scatter diagrams suggest 
linear and logarithmic functions, as shown in Figure 3-1. 
The models can be defined as: 
IR = a + b(w/E) + E (3-1) 
IR = a + c£n(w/E) + e (3-2) 
where IR = borrowing interest rate 
a = intercept on IR axis 
b = slope constant 
c = slope constant 
w = long-term debt 
E = equity 
e t = random deviation in period t. 
It is assumed that e is a normally distributed random 
2 
variable with mean zero and unknown variance a . Applying 
least squares methods. Tables 3-8 and 3-9 show the results 
obtained for both industries. The parameter b must be 









Figure 3-1. Linear and Logarithmic Relationships 
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I f n e g a t i v e , t h e p a r a m e t e r i s assumed t o be z e r o and i s 
e l i m i n a t e d f r o m t h e m o d e l . C o n s i d e r i n g t h e e r r o r s t o be 
n o r m a l l y d i s t r i b u t e d , t h e o v e r a l l s i g n i f i c a n c e o f t h e r e g r e s ­
s i o n model c a n be t e s t e d u s i n g t h e F s t a t i s t i c : ( co lumn 6 , 
T a b l e s 3-8 and 3-9) 
Z U^-x)2/(k-l) 
F Q = 2 ( 3 - 3 ) 
w h e r e : x = t h e a v e r a g e o f t h e x_. 1 s 
k = number o f p a r a m e t e r s i n t h e model 
Xj = t h e j^* 1 d a t a p o i n t 
n = number o f o b s e r v a t i o n s 
2 
= e s t i m a t o r o f t h e v a r i a n c e o f t h e random e r r o r . 
The v a l u e o f F g must be compared w i t h t h e u p p e r a p e r c e n t a g e 
p o i n t o f t h e F d i s t r i b u t i o n w i t h ( k - 1 ) and ( n - k ) d e g r e e s o f 
f r e e d o m , d e n o t e d by F a , k - 1 , n - k (co lumn 9, T a b l e s 3-8 and 
3 - 9 ) . I f Fq > F a , k - 1 , n - k , t h e n a t l e a s t one p a r a m e t e r i n 
t h e model i s s i g n i f i c a n t . To t e s t t h e s i g n i f i c a n c e o f t h e 
p a r a m e t e r b^ , t h e r e i s computed t h e s t a t i s t i c (co lumn 5 , 
T a b l e s 3-8 and 3 - 9 ) : 
A 
h ) - : T 7 T 7 2 < 3 - 4 ' 
a i _ [ Z ( x i - x ) ] 
The | t g | i s compared w i t h t a / 2 , n - k . I f | t Q | > t a / 2 , n - k , 
t h e n t h e p a r a m e t e r b^ w o u l d be assumed t o be n o n z e r o . F o r 
29 
t h i s p a r t i c u l a r c a s e , h a v i n g one i n d e p e n d e n t v a r i a b l e , t h e 
2 6 
F - t e s t i s e x a c t l y t h e same a s t h e t - t e s t , s u c h t h a t F = t . 
2 
F i n a l l y , t h e c o e f f i c i e n t o f d e t e r m i n a t i o n R i s t h e 
p r o p o r t i o n o f t o t a l v a r i a t i o n a b o u t t h e mean e x p l a i n e d by 
t h e r e g r e s s i o n , u s u a l l y e x p r e s s e d a s a p e r c e n t a g e . 
A n a l y s i s o f R e s u l t 
A l t h o u g h t h e m u l t i - i n d u s t r y g roup i s more d i v e r s i f i e d 
i n t h e t y p e s o f b u s i n e s s , t h e mode ls o b t a i n e d f i t t h e 
r e l a t i o n s h i p b e t t e r t h a n f o r t h e c h e m i c a l i n d u s t r y m o d e l s . 
I t c a n a l s o be o b s e r v e d t h a t t h e p r o c e s s i s b e t t e r p r e s e n t e d 
by a l i n e a r model f o r t h e m u l t i - i n d u s t r y g roup and by a 
l o g - l i n e a r model f o r t h e c h e m i c a l g r o u p . 
A f t e r a n a l y z i n g t h e F - t e s t , t h e r e c a n be e s t a b l i s h e d 
t h e f o l l o w i n g s e t o f r e l a t i o n s h i p s : 
1 . C h e m i c a l i n d u s t r y 
F o r m a r k e t v a l u e o f d e b t o v e r m a r k e t v a l u e o f e q u i t y 
I R = 9.146 + 1.10 in ( w / E ) R 2 = 0.764 ( 3 - 5 ) 
and f o r book v a l u e o f d e b t o v e r book v a l u e o f e q u i t y : 
I R = 8 .655 + 1.38 &n ( w / E ) R 2 = 0 .265 ( 3 - 6 ) 
2 . M u l t i - i n d u s t r y g roup 
F o r m a r k e t v a l u e o f d e b t o v e r m a r k e t v a l u e o f e q u i t y 
I R = 7 .195 + 0 .75 ( w / E ) R 2 = 0.417 ( 3 - 7 ) 
f o r book v a l u e o f d e b t o v e r book v a l u e o f e q u i t y 
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IR = 6.790 + 2.3595 (w/E) R 2 = 0.628 (3-8) 
and, for book value of debt over market value of equity 
IR = 7.685 + 0.656 (w/E) R 2 = 0.743 (3-9) 
Figures 3-2 to 3-6 show how the model describes the process 
for each significant case. From these results, the relation­
ship between a greater leverage and a higher borrowing 
4- • A 3,10,11 interest rate is confirmed. 
Borrowing Interest Rate as a Function 
of Other Financial Ratios 
In pursuing the main purpose of this chapter in 
finding an interest rate-debt/equity relationship, there were 
considered numerous other relationships involving various 
financial ratios. 
Based on financial ratio analysis presented by Dun and 
7 
Bradstreet, and taking equity instead of tangible net-worth. 
Tables 3-11 and 3-13 show the set of financial ratios for 
the chemical industry considering book and market value of 
equity, respectively. Tables 3-10 and 3-12 do 
the same for the multi-industry group. 
Stepwise multiple linear regression was used to find 
these relationships, with results as follows: 
T o - t QC A n o Net Profits . Q O Debt 
IR = 3. 86-4. 98 ——-. . . .. + 7. 93 •= r—— + 
Work. Capital Equity 
0.45 T ? D e b ^ R 2 = 0.7441 Equity 
(3-10) 
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f o r m a r k e t v a l u e o f d e b t and e q u i t y : 
t t ^ -7 c o . o A-i N e t P r o f i t s 0 o c . C u r r e n t L i a b . 
I R = /.DZ + J . 4 1 „ • • _ n - ^.OO W o r k . C a p i t a l " E q u i t y 
( 3 -11 ) 
R 2 = 0.8060 
f o r t h e m u l t i - i n d u s t r y g r o u p , c o n s i d e r i n g book v a l u e f o r 
d e b t and e q u i t y : 
I R = 1 1 . 8 1 - 0 . 7 4 C u r r A s s e t s - I n v . _ N e t P r o f i t _ 
C u r r . L i a b . E q u i t y 
( 3 -12 ) 
and f o r m a r k e t v a l u e o f d e b t and e q u i t y : 
IR = 12.47-3.76 Curr. Assets + 3 _ 2 Q Debt 
C u r r . L i a b . * E q u i t y 
( 3 - 1 3 ) 
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Figure 3 - 3 . Chemical Group, Scatter Diagram. 
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Figure 3 - 5 . Multi-industry Group, Scatter Diagram. 
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Figure 3 - 6 . Multi-industry Group, Scatter Diagram. 
Table 3-1. Companies Selected. 
-Industry Group 
Number Name 
1 General Electric 
2 International T. and T. 
3 Tenneco Inc. 
4 Textron Inc. 
5 FMC Corp. 
6 North American Philips 
7 Northwest Industries 
8 SCM Corp. 
9 Wittacker Corp. 
10 Sybron Corp. 
11 Insilco Corp. 
12 Texfi Industries 
13 Martin Marietta 
14 Carrier Corp. 
15 National Distill, and Chemicals 
16 Univar Corp. 
Chemical Industry Group 
Number Name 
1 Dow Chemical 
2 Monsanto Co. 
3 Ferro Corp. 
4 American Cyanamid 
5 Hercules Inc. 
6 Union Carbide 
7 Rohm and Haas 
8 Diamond Shamrock 
9 Dupont 
10 Penwalt Corp. 
11 Reichold Chemicals 
12 Chemetron Corp. 













1 2 , 6 3 3 , 3 5 4 1 , 0 6 7 , 5 2 1 1 , 7 5 0 , 3 8 4 5 5 5 , 7 0 2 6 , 2 3 4 , 2 5 4 7 , 6 7 5 , 2 3 0 5 , 0 4 1 , 8 7 6 2 , 8 3 6 , 8 1 9 3 , 4 7 2 , 8 6 3 
2 1 , 7 3 5 , 4 0 0 7 2 6 , 4 0 0 6 5 5 , 4 0 0 2 7 5 , 6 0 0 4 , 5 9 4 , 5 0 0 4 , 3 5 0 , 1 0 0 2 , 6 1 4 , 7 0 0 1 , 3 4 6 , 7 0 0 3 , 1 5 4 , 5 0 0 
3 1 7 3 , 9 0 0 6 6 , 1 1 9 6 7 , 2 7 5 2 9 , 9 0 3 4 0 2 , 0 4 2 2 5 4 , 7 4 4 8 0 , 8 4 4 1 9 , 6 4 9 1 6 1 , 0 9 7 
4 1 , 0 1 2 , 7 1 2 4 3 9 , 4 7 7 5 0 8 , 2 5 0 1 3 9 , 4 0 0 2 , 4 1 2 , 3 1 1 2 , 2 2 2 , 2 5 1 1 , 2 0 9 , 5 3 9 4 4 2 , 4 2 0 1 , 2 0 0 , 2 5 1 
5 5 9 9 , 4 9 4 2 9 7 , 3 3 0 2 7 1 , 9 7 3 5 7 , 9 3 0 1 , 6 9 7 , 7 8 7 1 , 4 7 7 , 5 4 3 8 7 8 , 0 4 9 3 2 9 , 4 4 3 7 5 7 , 6 3 7 
vo 3 , 0 6 2 , 9 0 0 1 , 5 0 5 , 8 0 0 1 , 4 1 7 , 7 0 0 3 8 5 , 1 0 0 7 , 0 3 6 , 1 0 0 7 , 4 2 3 , 2 0 0 4 , 3 6 0 , 3 0 0 1 , 6 0 0 , 9 0 0 3 , 4 0 8 , 7 0 0 
7 4 6 7 , 7 4 0 2 2 4 , 6 7 8 1 7 9 , 9 1 1 4 2 , 2 2 2 1 , 1 2 3 , 8 6 5 1 , 0 2 0 , 9 1 4 5 5 3 , 1 7 4 2 7 6 , 9 4 8 5 4 8 , 9 6 8 
CO 5 0 7 , 3 6 0 2 0 1 , 4 8 7 2 5 5 , 1 3 9 1 6 2 , 1 2 3 1 , 5 3 0 , 3 8 2 1 , 8 1 0 , 4 6 8 1 , 3 0 3 , 1 0 8 5 8 2 , 1 2 6 7 9 2 , 9 9 0 
9 3 , 1 8 6 , 3 0 0 1 , 4 7 1 , 4 0 0 1 , 2 3 6 , 9 0 0 5 4 5 , 1 0 0 9 , 4 3 4 , 8 0 0 7 , 4 3 0 , 6 0 0 4 , 2 4 4 , 3 0 0 1 , 2 3 5 , 8 0 0 3 , 8 7 9 , 8 0 0 
1 0 3 4 0 , 0 5 6 1 5 4 , 5 1 1 1 2 7 , 7 8 9 4 1 , 7 3 3 8 3 4 , 8 9 5 6 2 0 , 0 5 3 2 7 9 , 9 9 7 1 6 9 , 0 2 1 3 0 5 , 8 6 3 
1 1 1 5 2 , 5 0 7 5 9 , 7 7 7 7 4 , 5 6 5 1 6 , 0 8 5 5 8 5 , 1 2 0 3 2 8 , 8 2 2 1 7 6 , 3 1 5 8 1 , 9 1 3 1 4 9 , 1 9 6 
1 2 2 1 6 , 6 0 0 9 0 , 4 0 0 5 6 , 8 0 0 1 3 , 4 0 0 4 6 0 , 8 0 0 4 1 1 , 7 0 0 1 9 5 , 1 0 0 1 1 0 , 1 0 0 2 1 6 , 9 0 0 
Table 3 - 3 . Multi-industry Group, Financial Data. 
Current Current Net Total Fixed Long-Term 
Assets Inventories Liabilities Profits Sales Assets Assets Debt Equity 
1 7 , 8 6 5 , 2 0 0 2 , 6 0 4 , 3 0 0 5 , 4 1 7 , 0 0 0 1 , 0 8 8 , 2 0 0 1 7 , 5 1 8 , 6 0 0 1 3 , 6 9 6 , 8 0 0 5 , 8 3 1 , 6 0 0 1 , 2 8 4 , 3 0 0 1 1 , 3 3 8 , 6 0 0 
2 5 , 3 4 0 , 2 9 1 2 , 5 1 2 , 2 9 0 3 , 5 9 9 , 1 1 9 5 5 0 , 6 6 7 1 3 , 1 4 5 , 6 6 4 1 2 , 2 8 5 , 5 2 2 6 , 9 4 5 , 2 3 1 8 , 3 3 5 , 6 1 2 3 , 1 3 3 , 5 7 1 
3 2 , 6 7 8 , 3 0 0 1 , 4 0 0 , 1 0 0 2 , 1 1 0 , 7 0 0 4 2 6 , 9 0 0 7 , 4 4 0 , 3 0 0 8 , 2 7 8 , 3 0 0 5 , 6 0 0 , 0 0 0 2 , 3 9 0 , 9 0 0 2 , 8 5 0 , 2 0 0 
4 1 , 0 5 3 , 0 1 9 5 5 2 , 8 9 1 4 2 8 , 1 7 8 1 2 1 , 0 5 6 2 , 6 2 7 , 1 7 8 1 , 5 2 3 , 1 3 5 4 7 0 , 1 1 6 3 1 5 , 2 7 5 7 5 0 , 6 5 4 
5 1 , 0 5 5 , 4 0 0 3 7 2 , 8 0 0 5 1 3 , 9 0 0 2 4 , 7 0 0 5 7 4 , 7 0 0 1 , 9 7 2 , 1 0 0 9 1 6 , 7 0 0 4 6 0 , 8 0 0 9 4 0 , 9 0 0 
6 7 9 0 , 9 4 7 3 9 8 , 0 1 6 2 7 6 , 4 9 4 6 3 , 6 8 0 1 , 9 1 6 , 7 6 1 1 , 0 5 6 , 7 5 0 2 6 5 , 8 0 3 1 5 3 , 5 9 4 4 7 9 , 1 5 9 
7 7 5 4 , 5 9 2 4 0 9 , 2 5 0 3 2 9 , 6 2 7 1 2 9 , 3 7 5 ' I , 8 7 6 , 5 0 0 1 , 7 6 4 , 6 0 4 1 , 0 1 0 , 0 1 2 6 5 9 , 6 8 3 7 8 2 , 9 6 4 
8 4 7 0 , 3 6 5 2 7 0 , 9 1 5 1 8 5 , 9 0 7 3 7 , 4 1 2 1 , 3 7 7 , 6 4 4 7 6 7 , 9 1 9 2 9 7 , 5 5 4 2 0 1 , 1 6 3 3 4 3 , 6 4 9 
9 2 1 , 5 3 0 1 2 , 0 1 1 8 , 0 6 6 5 3 0 5 1 , 0 9 8 3 2 , 8 2 2 1 1 , 2 9 2 1 2 , 0 9 4 1 1 , 6 6 1 
1 0 2 9 3 , 4 9 2 1 2 2 , 1 3 8 9 2 , 5 6 4 2 7 , 3 1 6 5 8 4 , 6 5 5 4 3 8 , 7 9 3 1 4 4 , 9 6 4 9 5 , 5 9 2 2 2 6 , 9 4 7 
11 1 8 0 , 6 8 5 1 0 2 , 0 6 4 6 5 , 3 9 3 2 2 , 0 6 5 4 0 0 , 0 2 5 3 4 3 , 5 0 9 1 6 2 , 8 2 4 1 0 5 , 6 1 6 1 4 7 , 0 0 2 
12 5 2 , 8 7 3 1 9 , 0 5 0 2 1 , 5 1 0 - 1 2 , 9 4 1 1 8 2 , 8 7 5 1 2 7 , 0 9 5 7 4 , 2 2 2 6 6 , 6 3 5 3 6 , 9 8 1 
1 3 6 0 4 , 9 7 2 2 0 9 , 1 9 4 3 2 1 , 4 8 9 1 0 2 , 1 1 0 1 , 4 3 9 , 7 6 1 1 , 3 7 6 , 7 7 8 7 7 1 , 8 0 6 2 1 8 , 8 7 3 7 6 3 , 8 5 3 
14 6 0 5 , 6 3 3 2 5 2 , 6 6 0 2 9 6 , 0 3 9 5 7 , 1 4 2 1 , 3 1 0 , 4 3 0 9 1 4 , 0 3 9 3 0 8 , 4 0 6 1 7 3 , 1 5 0 3 8 6 , 6 3 6 
15 7 6 1 , 0 0 5 3 5 3 , 4 5 1 2 6 3 , 7 9 3 8 4 , 9 9 8 1 , 5 8 7 , 1 6 7 1 , 2 9 3 , 3 1 8 5 2 3 , 3 1 3 2 3 7 , 5 1 9 7 0 9 , 4 3 0 
16 1 7 8 , 0 7 0 8 4 , 4 0 0 1 0 0 , 6 7 4 - 8 7 0 6 6 5 , 7 3 3 2 5 5 , 1 9 5 7 7 , 1 2 5 8 0 , 6 3 3 6 7 , 7 2 8 
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1 Dow Chemical 198,550,656 28 5,559,418,368 
2 Monsanto Co. 36,872,323 56 2,064,850,088 
3 Ferro Corp. 5,085,338 27 137,304,126 
4 American Cyanamid 48,905,338 24 1,173,728,112 
5 Hercules Inc. 42,386,717 16 678,187,472 
6 Union Carbide 64,693,638 42 2,717,132,761 
7 Rohm and Haas 13,108,730 30 393,261,900 
CO
 Diamond Shamrock 39,966,384 28 1,119,058,752 
9 Dupont 48,415,134 111 5,374,079,874 
10 Penwalt Corp. 8,277,446 34 281,433,164 
11 Reichold Chemicals 6,915,170 14 96,812,380 
12 Chemetron Corp. 4,086,912 48 196,171,776 
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1 General Electric 231,400,000 49 11,338,600,000 
2 International T&T 104,452,384 30 3,133,571,520 
3 Tenneco Inc. 92,956,464 30 2,788,693,920 
4 Textron Inc. 29,937,828 25 748,445,700 
5 FMC Corp. 31,935,266 24 765,461,328 
6 North American Phil. 13,894,222 29 402,932,438 
7 Norwest Industries 17,431,160 48 836,695,568 
CO
 SCM Corp. 9,161,885 19 174,075,815 
9 Whittacker Corp. 14,355,656 7 100,489,592 
10 Sybron Corp. 10,539,031 17 179,163,527 
11 Insilco Corp. 9,954,806 13 129,412,478 
12 Texfi Industries 3,417,479 3 10,252,437 
13 Martin Marietta 23,760,610 23 546,494,030 
14 Carrier Corp. 24,207,000 14 338,898,000 
15 National Distill. 
& Chem. 
25,899,080 22 569,779,760 
16 Univar Corp. 6,698,844 9 60,289,596 
Table 3 - 6 . Multi-industry Group, Debt-Equity Ratios. 
Equity x 1 0 Equity x 1 0 Long-Term L-T Debt L-T Debt Current Weighted Ave 
Firm (Book Value) (Mkt. Value) Debt x 1 0 3 B.V. of Equity M.V. of Equity Yield % I n t . Rate % 
General Electric 6 , 1 0 8 , 4 0 0 1 1 , 3 3 8 , 6 0 0 1 , 2 8 4 , 3 0 0 0 . 2 1 0 . 1 1 7 . , 5 0 7 . 1 9 
International T&T 4 , 3 6 3 , 4 7 2 3 , 1 3 3 , 5 7 2 3 , 3 3 5 , 6 1 2 0 . 76 1 . 06 8 . , 4 0 7 . 66 
Tenneco Inc. 2 , 8 5 0 , 2 0 0 2 , 7 8 8 , 6 9 4 2 , 3 9 0 , 9 0 0 0 . 84 0 . 85 8 . , 6 0 7 . 76 
Textron Inc. 7 5 0 , 0 0 0 7 4 8 , 4 4 6 3 1 5 , 2 7 5 0 . 42 0 . 44 8 . . 5 0 -
FMC Corp. 9 4 0 , 0 0 0 7 6 5 , 4 6 1 4 6 0 , 8 0 0 0 . 4 9 0 . 60 6 . , 2 0 -
North American 4 7 9 , 1 5 9 4 0 2 , 9 3 2 1 5 3 , 5 9 4 0 . 32 0 . 38 5 . , 7 0 7 . 72 
Philips 
Norwest Industries 7 8 2 , 9 6 4 8 3 6 , 6 7 6 6 5 9 , 6 8 3 0 . 84 0 . 78 8 . , 0 0 8 . 0 9 
SCM Corp. 3 4 3 , 6 4 9 1 7 4 , 0 7 6 2 0 1 , 1 6 3 0 . 5 9 1 . 15 8 . . 1 0 -
Whittacker Corp. 1 1 , 6 6 1 1 0 0 , 4 9 0 1 2 , 0 9 0 1 . 0 3 0 . 12 1 0 . . 0 0 9 . 03 
Sybron Corp. 2 2 6 , 9 4 7 1 7 9 , 1 6 4 9 2 , 5 9 2 0 . 4 1 0 . 5 1 5 . . 8 0 8 . 07 
Insilico Corp. 1 4 7 , 0 0 2 1 2 9 , 4 1 2 1 0 5 , 6 1 6 0 . 72 0 . 80 8. . 6 0 8 . 37 
Texfi Industries 3 6 , 9 8 1 1 0 , 2 5 2 6 6 , 6 3 3 1 . 8 0 6 . 4 9 1 1 . . 8 7 1 2 . 1 0 
Martin Marietta 7 6 3 , 6 3 6 5 4 6 , 4 9 4 2 1 8 , 8 7 3 0 . 2 9 0 . 4 0 6. . 5 0 8 . 66 
Carrier Corp. 3 8 6 , 6 3 6 3 3 8 , 8 9 8 1 7 3 , 1 5 0 0 . 4 5 0 . 5 0 8 . . 4 0 6 . 98 
National Distillers 7 0 9 , 4 3 0 5 6 9 , 7 8 0 2 3 7 , 5 1 9 0 . 3 3 0 . 4 1 5 . . 30 8 . 74 
Univar Corp. 6 7 , 7 2 8 6 0 , 2 9 0 8 0 , 6 3 3 1 . 1 9 1 . 3 3 9 . . 6 0 -







Debt x 10 3 
L-T Debt 
B.V. of Equity 
L-T Debt 
M.V. of Equity 
Current Weighted Ave 
Yield % Int. Rate % 
Dow Chemical 3,472,863 5,559,418 2,836,819 0.82 0.51 8.45 8.09 
Monsanto Co. 3,154,500 2,064,850 1,346,700 0.43 0.65 8.80 6.05 
Ferro Corp. 161,097 137,304 19,649 0.12 0.14 6.70 5.88 
American Cyanamid 1,200,000 1,173,728 442,420 0.37 0.37 7.80 5.07 
Hercules Inc. 757,637 678,187 329,443 0.43 0.48 7.90 7.62 
Union Carbide 3,408,700 2,717,133 1,600,000 0.47 0.58 8.40 6.59 
Rohm and Haas 548,958 393,262 276,948 0.50 0.70 8.70 8.81 
Diamond Shamrock 792,990 1,119,059 582,126 0.73 0.52 8.60 7.91 
Dupont 3,879,800 5,374,080 1,235,800 0. 32 0.23 8.00 8.43 
Pennault Corp. 305,863 281,433 169,021 0.55 0.60 8.80 8.27 
Reichold Chemicals 149,196 96,812 81,913 0.55 0.84 8.60 8.72 
Chemetron Corp. 216,900 196,171 110,100 0.51 0.56 9.00 8.94 
Table 3-8. Multi-industry Group, Statistical Results. 
0 Std. Error , , 
Option Equation R of "b" o 0 fn fd c 
1 IR = 7. 195 + 0. 750 (w/E) 0. 417 0.237 3. 164 10. 01 1 14 4. 60 
1 IR = 8. 378 + 0. 863 £n(w/E) 0. 218 0.437 1. 976 3. 90 1 14 4. 60 
2 IR = 6. 790 + 2. 3595 (w/E) 0. 628 0.573 4. 111 16. 90 1 10 4. 96 
2 IR = 9. 138 + 1. 312 £n(w/E) 0. 387 0.522 2. 513 6. 32 1 10 4. 96 
3 IR = 7. 685 + 0. 656 (w/E) 0. 743 0.122 5. 373 28. 88 1 10 4. 96 









Degrees of freedom of numerator 
Degrees of freedom of denominator 
Critical value of F-test 
Options 
1 - M.V. of debt/M.V. of equity 
2 - B.V. of debt/B.V. of equity 
3 - B.V. of debt/M.V. of equity 
Table 3-9. Chemical Industry Group, Statistical Results. 




"b" fc0 F f n dfd F c 
1 IR = 6. 959 + 2.628 (w/E) 0.649 0. 611 4. 301 18.51 1 10 4.96 
1 IR = 9. 146 + 1.101 fcn(w/E) 0.764 0. 194 5. 685 32.32 1 10 4.96 
2 IR = 5. 810 + 3.563 (w/E) 0.245 1. 977 1. 802 3.25 1 10 4. 96 
2 IR = 8. 656 + 1.380 fcn(w/E) 0.265 0. 726 • 1. 900 3.61 1 10 4. 96 
3 IR = 8. 342 + 1.069 (w/E) 0.170 0. 746 1. 432 2.05 1 10 4.96 









Degrees of freedom of numerator 
Degrees of freedom of denominator 
Critical value of F-test 
Options 
1 - M.V. of debt/M.V. of equity 
2 - B.V. of debt/B.V. of equity 
3 - B.V. of debt/M.V. of equity 
Table 3-10. Multi-industry Group, Financial Ratios Considering 
Book Value of Debt and Equity. 
CA C A - I n v N e t P r o f i t s S a l e s S a l e s L-T D e b t N e t P r o f i t s S a l e s F i x e d A s s e t s CL 
CL CL Work. C a p i t a l Work. C a p i t a l I n v E q u i t y E q u i t y E q u i t y E q u i t y E q u i t y 
1 1 . 4 5 0 . 9 7 0 . 4 4 7 . 1 6 6 . 7 3 0 . 1 1 0 . 1 0 1 . 5 5 0 . 5 1 0 . 4 8 
2 1 . 4 8 0 . 78 0 . 32 7 . 5 5 5 . 2 3 1 . 0 6 0 . 1 8 4 . 2 0 2 . 2 2 1 . 1 5 
3 1 . 2 7 0 . 6 0 0 . 75 3 . 0 0 1 . 2 2 0 . 8 5 0 . 1 5 0 . 6 1 2 . 0 1 0 . 7 6 
4 2 . 4 5 1 . 1 7 0 . 1 9 4 . 2 0 4 . 7 5 0 . 4 4 0 . 1 6 3 . 5 1 0 . 6 3 0 . 5 7 
5 2 . 0 5 1 . 32 0 . 0 5 1 . 0 6 1 . 5 4 0 . 6 0 0 . 0 3 0 . 7 5 1 . 2 0 0 . 6 7 
6 2 . 8 6 1 . 4 2 0 . 1 6 4 . 8 8 4 . 8 2 0 . 3 8 0 . 1 6 4 . 7 6 0 . 6 6 0 . 6 9 
7 2 . 2 9 1 . 0 4 0 . 30 4 . 4 2 4 . 5 9 0 . 7 8 0 . 1 5 2 . 2 4 1 . 2 1 0 . 3 9 
8 2 . 5 3 1 . 0 7 0 . 1 3 4 . 8 4 5 . 0 9 1 . 1 5 0 . 2 1 7 . 9 1 1 . 7 1 1 . 0 7 
VO
 2 . 6 7 1 . 1 8 0 . 0 4 3 . 8 0 4 . 2 5 0 . 1 2 0 . 0 1 0 . 5 1 0 . 1 1 0 . 0 8 
1 0 3 . 1 7 1 . 8 5 0 . 1 4 2 . 9 1 4 . 7 9 0 . 5 1 0 . 1 5 3 . 2 6 0 . 8 1 0 . 5 2 
1 1 2 . 7 6 1 . 2 0 0 . 2 8 5 . 09 3 . 9 2 0 . 8 0 0 . 1 7 3 . 0 9 1 . 2 6 0 . 5 1 
1 2 2 . 4 5 1 . 5 7 - 0 . 4 1 5 . 8 3 9 . 6 0 6 . 4 9 - 1 . 2 6 1 7 . 8 4 7 . 2 4 2 . 1 0 
1 3 1 . 8 8 1 . 2 3 0 . 36 5 . 0 8 6 . 8 8 0 . 4 0 0 . 1 9 2 . 6 3 1 . 4 1 0 . 5 9 
14 2 . 0 5 1 . 1 9 0 . 1 8 4 . 2 3 5 . 1 9 0 . 5 0 0 . 1 7 3 . 8 7 0 . 9 1 0 . 8 7 
1 5 2 . 8 8 1 . 5 4 0 . 1 7 3 . 1 9 4 . 4 9 0 . 4 1 0 . 1 5 2 . 7 9 0 . 9 3 0 . 4 6 
16 1 . 7 7 0 . 9 3 - 0 . 0 1 8 . 6 0 7 . 8 8 1 . 3 3 - 0 . 0 1 1 1 . 0 4 1 . 2 8 1 . 6 7 
CA = C u r r e n t A s s e t s 
CL = C u r r e n t L i a b i l i t i e s 
I n v = I n v e n t o r i e s 
4t 
ui 
Table 3-11. Chemical Industry Group, Financial Ratios Considering 
Book Value of Debt and Equity. 
CA C A - I n v N e t P r o f i t s S a l e s S a l e s L-T D e b t N e t P r o f i t s S a l e s F i x e d A s s e t s CL 
CL CL Work. C a p i t a l Work. C a p i t a l I n v . E q u i t y E q u i t y E q u i t y E q u i t y E q u i t y 
1 1 . 5 0 0 . 8 4 0 . 6 3 7 . 0 6 5 . 84 0 . 5 1 0 . 1 0 1 . 1 2 0 . 9 1 0 . 3 1 
2 2 . 6 4 1 . 5 4 0 . 2 6 4 . 2 5 6 . 3 3 0 . 6 5 0 . 1 3 2 . 2 3 1 . 2 7 0 . 3 2 
3 2 . 5 8 1 . 6 0 0 . 2 0 3 . 9 4 6 . 35 0 . 1 4 0 . 1 5 3 . 06 0 . 5 9 0 . 4 9 
4 1 . 9 9 1 . 1 3 0 . 2 8 4 . 7 8 5 . 4 9 0 . 37 0 . 1 2 2 . 06 1 . 0 3 0 . 4 3 
5 2 . 2 0 1 . 1 1 0 . 1 8 5 . 1 8 5 . 7 1 0 . 4 8 0 . 0 9 2 . 5 0 1 . 2 9 0 . 4 0 
6 2 . 1 6 1 . 1 0 0 . 2 3 4 . 2 8 4 . 6 7 0 . 5 8 0 . 1 4 2 . 5 9 1 . 6 0 0 . 5 2 
7 2 . 5 9 1 . 35 0 . 1 5 3 . 90 5 . 0 0 0 . 7 0 0 . 1 1 2 . 8 6 1 . 4 1 0 . 4 6 
CO 1 . 9 8 1 . 2 0 0 . 64 6 . 0 7 7 . 6 0 0 . 5 2 0 . 1 4 1 . 3 7 1 . 1 6 0 . 2 3 
vo
 
2 . 5 7 1 . 39 0 . 2 8 4 . 8 4 6 . 4 1 0 . 2 3 0 . 1 0 1 . 7 6 0 . 7 9 0 . 2 3 
1 0 2 . 6 6 1 . 4 5 0 . 2 0 3 . 9 3 5 . 4 0 0 . 6 0 0 . 1 5 2 . 9 7 0 . 9 9 0 . 4 5 
1 1 2 . 0 4 1 . 2 4 0 . 2 1 3 . 9 2 9 . 7 9 0 . 8 4 0 . 1 7 6 . 0 4 1 . 8 2 0 . 7 7 
1 2 3 . 8 1 2 . 2 2 0 . 0 8 2 . 8 8 5 . 1 0 0 . 5 6 0 . 1 7 2 . 3 5 0 . 9 9 0 . 2 9 
CA = C u r r e n t A s s e t s 
CL = C u r r e n t L i a b i l i t i e s 
I n v = I n v e n t o r i e s 
Table 3-12. Multi-industry Group, Financial Ratios Considering 
Market Value of Debt and Equity. 
CA C A - I n v N e t P r o f i t s S a l e s S a l e s L-T D e b t N e t P r o f i t s S a l e s F i x e d A s s e t s CL 
CL CL Work. C a p i t a l Work. C a p i t a l I n v E q u i t y E q u i t y E q u i t y E q u i t y E q u i t y 
1 1 . 4 5 0 . 9 7 0 . 4 4 7 . 1 6 6 . 7 3 0 . 2 1 0 . 1 8 2 . 8 7 0 . 9 5 1 . 0 6 
2 1 . 4 8 0 . 7 8 0 . 3 2 7 . 5 5 5 . 2 3 0 . 7 6 0 . 1 3 3 . 0 1 1 . 5 9 1 . 4 4 
3 1 . 2 7 0 . 6 0 0 . 7 5 3 . 0 0 1 . 2 2 0 . 8 4 0 . 1 5 0 . 6 0 1 . 9 6 2 . 4 7 
4 2 . 4 5 1 . 1 7 0 . 1 9 4 . 2 0 4 . 7 5 0 . 4 2 0 . 1 6 3 . 5 0 0 . 6 3 0 . 8 8 
5 2 . 0 5 1 . 3 2 0 . 0 5 1 . 06 1 . 5 4 0 . 4 9 0 . 0 3 0 . 6 1 0 . 97 0 . 6 9 
vo 2 . 8 5 1 . 4 2 0 . 1 6 4 . 88 4 . 8 2 0 . 3 2 0 . 1 3 4 . 0 0 0 . 5 5 1 . 0 1 
7 2 . 2 9 1 . 0 4 0 . 3 0 4 . 4 2 4 . 5 9 0 . 8 4 0 . 1 7 2 . 4 0 1 . 2 9 0 . 9 6 
8 2 . 5 3 1 . 0 7 0 . 1 3 4 . 8 4 5 . 0 9 0 . 5 9 0 . 1 1 4 . 0 1 0 . 8 7 0 . 9 5 
9 2 . 6 7 1 . 1 8 0 . 0 4 3 . 8 0 4 . 2 5 1 . 0 3 0 . 0 5 4 . 3 8 0 . 9 7 0 . 8 9 
1 0 3 . 1 7 1 . 8 5 0 . 1 4 2 . 9 1 4 . 7 9 0 . 4 1 0 . 1 2 2 . 5 8 0 . 6 4 0 . 6 1 
1 1 2 . 7 6 1 . 2 0 0 . 2 8 5 . 0 9 3 . 9 2 0 . 7 2 0 . 1 5 2 . 7 2 1 . 1 1 1 . 3 0 
1 2 2 . 4 5 1 . 5 7 - 0 . 4 1 5 . 8 3 9 . 6 0 1 . 8 0 - 0 . 3 5 4 . 9 5 2 . 0 1 0 . 6 1 
1 3 1 . 8 8 1 . 2 3 0 . 36 5 . 0 8 6 . 8 8 0 . 2 9 0 . 1 3 1 . 8 8 1 . 0 1 0 . 7 4 
1 4 2 . 0 5 1 . 1 9 0 . 1 8 4 . 2 3 5 . 1 9 0 . 4 5 0 . 1 5 3 . 3 9 0 . 8 0 0 . 8 2 
1 5 2 . 8 8 1 . 5 4 0 . 1 7 3 . 1 9 4 . 4 9 0 . 3 3 0 . 1 2 2 . 2 6 0 . 7 5 0 . 7 1 
1 6 1 . 7 7 0 . 9 3 - 0 . 0 1 8 . 6 0 7 . 8 8 1 . 1 9 - 0 . 0 1 9 . 8 3 1 . 1 4 1 . 0 9 
CA = C u r r e n t A s s e t s 
CL = C u r r e n t L i a b i l i t i e s 
I n v = I n v e n t o r i e s 
Table 3-13. Chemical Industry Group, Financial Ratios Considering 
Market Value of Debt and Equity. 
CA 
CL 
C A - I n v N e t P r o f i t s S a l e s S a l e s L-T D e b t N e t P r o f i t s S a l e s F i x e d A s s e t s CL 
CL Work. C a p i t a l Work. C a p i t a l I n v E q u i t y E q u i t y E q u i t y E q u i t y E q u i t y 
1 1 . 5 0 0 . 8 9 0 . 6 3 7 . 06 5 . 8 4 0 . 8 2 0 . 1 6 1 . 8 0 1 . 4 5 0 . 5 0 
2 2 . 6 4 1 . 5 4 0 . 26 4 . 2 5 6 . 3 3 0 . 4 3 0 . 0 9 1 . 4 6 0 . 8 3 0 . 2 1 
3 2 . 5 8 1 . 6 0 0 . 2 0 3 . 94 6 . 35 0 . 1 2 0 . 1 3 2 . 6 1 0 . 5 0 0 . 4 2 
4 1 . 9 9 1 . 1 3 0 . 2 8 4 . 7 8 5 . 4 9 0 . 3 7 0 . 1 1 2 . 0 1 1 . 0 1 0 . 4 2 
5 2 . 2 0 1 . 1 1 0 . 1 8 5 . 1 8 5 . 7 1 0 . 4 3 0 . 0 8 1 . 9 5 1 . 1 6 0 . 3 6 
6 2 . 1 6 1 . 1 0 0 . 2 3 4 . 2 8 4 . 6 7 0 . 4 7 0 . 1 1 2 . 1 8 1 . 2 8 0 . 4 2 
7 2 . 5 9 1 . 35 0 . 1 5 3 . 90 5 . 0 0 0 . 50 0 . 0 8 2 . 0 5 1 . 0 1 0 . 3 3 
CO
 1 . 9 8 1 . 2 0 0 . 6 4 6 . 07 7 . 6 0 0 . 7 3 0 . 2 0 1 . 9 3 1 . 6 4 0 . 3 2 
9 2 . 5 7 1 . 39 0 . 2 8 4 . 84 6 . 4 1 0 . 3 2 0 . 1 4 7 . 6 3 0 . 3 4 1 . 0 0 
1 0 2 . 6 6 1 . 4 5 0 . 20 3 . 9 3 5 . 4 0 0 . 55 0 . 1 4 2 . 7 3 0 . 9 2 0 . 4 2 
1 1 2 . 0 4 1 . 2 4 0 . 2 1 3 . 9 2 9 . 7 9 0 . 55 0 . 1 1 3 . 9 2 1 . 1 8 0 . 5 0 
1 2 3 . 8 1 2 . 2 2 0 . 0 8 2 . 88 5 . 1 0 0 . 5 1 0 . 0 6 2 . 1 2 0 . 9 0 0 . 2 6 
CA = C u r r e n t A s s e t s 
CL = C u r r e n t L i a b i l i t i e s 
I n v = I n v e n t o r i e s 
CHAPTER IV 
MODEL FORMULATION AND OPTIMALITY ANALYSIS 
In this chapter there are presented three models for 
deterministic capital budgeting with inclusion of some type 
of relationship between borrowing interest rate and debt/ 
equity ratio. The relationships used are based on the regres­
sion results obtained in Chapter III. The definition of 
equity for each period is described below. 
The first and most general model is a non-convex pro­
gram. A simplification results in the second model, a convex 
program, and further simplification gives the third model, 
a linear program (LP). An analysis is made of the optimality 
conditions for each model, with a view toward determining 




Net cash flow obtainable from a unit of project j 
at time t, ( t = 0, 1,..., T ) , (j = 1, 2,..., n ) . 
Revenues are positive flows and expenditures are nega­
tive flows. 
Amount of cash available for investment from outside 
sources at time t, (t = 0, 1,..., T ) . 
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= Lending interest rate, greater than zero. 
r. . = Borrowing interest rate from time t to time t + 1, bt 
greater than zero, (t = 0, 1,..., T ) . 
w t = Cash to be borrowed from time t to t + 1, ( t = 0, 1,... 
T) . 
v t = Cash to be lent from time t to t + 1, ( t = 0, 1,..., T ) . 
x. = Number of units of project j to be undertaken. 
D 
An asterisk implies the optimal value of a variable. 
General Model: Nonlinear Programming Problem 
Weingartner's basic horizon model is taken as a point 
of departure in the formulation of the general model. Next 
are discussed the objective function and the constraints 
involved in the formulation. 
Objective Function 
The objective function to be maximized is the time T 
terminal wealth of the firm, considered as the net value 
of assets at time T, which are expressed as the funds avail­
able for lending at that time plus the value of any post-
horizon cash flows expected from projects. Thus, the objec­
tive function is: 
G = v T - w T (4-1) 
The w T term presents a cash deficit position at time T. 
Constraints 
Five types of constraints define the feasible solution 
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s p a c e . The d u a l v a r i a b l e a s s o c i a t e d w i t h e a c h c o n s t r a i n t 
i s shown i n b r a c k e t s a t t h e l e f t s i d e o f t h e e q u a t i o n . 
1 . C a s h B a l a n c e C o n s t r a i n t s . The c a s h b a l a n c e 
c o n s t r a i n t s p e c i f i e s t h a t t h e n e t c a s h o u t f l o w o f t h e p r o ­
j e c t s p l u s t h e c a s h o u t f l o w f o r t i m e t l o a n s , minus t h e c a s h 
i n f l o w f o r t i m e t b o r r o w i n g , minus t h e c a s h i n f l o w f o r r e p a y ­
ment o f t i m e t - 1 l o a n s , p l u s t h e c a s h o u t f l o w f o r r e p a y m e n t 
o f t i m e t - 1 b o r r o w i n g , must be l e s s t h a n o r e q u a l t o t h e 
c a s h a v a i l a b l e f r o m o u t s i d e s o u r c e s a t t i m e t . T h e n , t h e 
f o r m o f t h e c a s h b a l a n c e c o n s t r a i n t i s : 
n 
- Z a. . x . + v . - w - v , (1+r ) + Mt j t t t - 1 
w t - l * 1 + r b t - l * - M t t = 1 ' 2 " ' " T -
( 4 - 2 ) 
f o r t i m e z e r o , t h e e x p r e s s i o n i s : 
n 
" = a 0 j X j + v o " w o l M o ( 4 " 3 ) 
3=1 
2 . E q u i t y C o n s t r a i n t s . I n d e f i n i n g t h e e q u i t y c o n ­
s t r a i n t s t h e r e i s assumed a n i n i t i a l f i x e d e q u i t y d e n o t e d by 
E Q . I f t h e i n i t i a l e q u i t y w e r e a v a r i a b l e , t h e p r o b l e m w o u l d 
r e p r e s e n t an u n r e a l i s t i c s i t u a t i o n , b e c a u s e t h e e q u i t y v a r i ­
a b l e s w o u l d t e n d t o t a k e e x t r e m e l y h i g h v a l u e s i n o r d e r t o 
r e d u c e t h e d e b t - e q u i t y r a t i o a n d make t h e b o r r o w i n g i n t e r e s t 
r a t e v e r y l o w . T h i s s i t u a t i o n was d e m o n s t r a t e d c o m p u t a t i o n ­
a l l y . The e q u i t y a t t i m e t i s d e f i n e d t o be e q u a l t o t h e 
52 
equity at time t-1, plus the interest earned on lending 
activities from time t to t+1, minus the interest paid on 
borrowing activities from time t to t+1, plus the cash from 
projects at time t. 
during the horizon changes only due to the cash available 
from projects and interest on borrowing and lending. Tax 
effects are not explicitly considered, since the a t _., r ̂, 
and r. . can be defined for after-tax situations. Dividends bt 
and the issuance and purchase of stock are not considered. 
The above formulation can be related to the beginning of a 
new firm, which starts with an initial equity and an invest­
ment project set. The equity constraint is expressed as an 
inequality so that optimality analysis may be more convenient. 
This change does not affect the solution since any algorithm 
will tend to set equity values as high as possible, resulting 
in equality of the constraint, to keep borrowing interest 
rates low. Thus, the equity constraint can be expressed 
as: 
In this way it is assumed that the equity of the firm 
n 
t-1 + v - w t-l rbt-l + ( 4 - 4 ) j=l 




t u E t ] E t " E t - 1 " Vt-lRH + Wt-l rbt-l " .\ a t j X j i ° 
j=l J J 
(4-5) 
t = 0,1,... T. 
3. Interest Rate Constraints. This restriction sim­
ply specifies the interest rate at which the firm can borrow 
money. The linear relationship developed in Chapter III is 
used here. Again, the equality is relaxed to an inequality: 
r b t i a + b <s;> ( 4 " 6 ) 
Rearranging terms: 
[u ± t] bw t + E t ( a - r b t ) <_ 0 t = 0, 1,..., T. (4-7) 
4. Project Upper Bounds. These constraints eliminate 
the possibility of undertaking more than one of a given pro­
ject. 
[\J x. < 1 j = 1,2,..., n. (4-8) 
5. Non-Negativity Constraints. It is not permitted 
to have negative values of the variables, which would repre­
sent an unrealistic situation. Thus: 
v t, w t , E t , r b t >_ 0 t = 0,1,..., T (4-9) 
x. > 0 j = 1, 2,..., n (4-10) 
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Summarizing, the general model is expressed as: 
maximize: v T - w T (4-1) 
n 
subject to: - £ a^ .x. + - W Q <_ M Q (4-3) 
j=l 3 3 
n 
- I a x + v - w - v ) + 
3=1 J 
w t - l ( 1 + r b t - l ) - M t t - 1 , 2 T 
n 
n 
E. - E , - E a, .x. - v. -i r „ + w. 1 r , . 1 < 0 t t-1 tj j t-1 l t-1 bt-1 — 
(4-2) 
E l " a l J X J " V 0 r £ + W 0 r b 0 1 E 0 ( 4 " 1 1 } 
(4-5) 
t 1,2,..., T 
E t ( a - r b t ) + b w t <_ 0 t = 0,1,..., T (4-7) 
0 < x. < 1 j = 1,2,..., n (4-12) 
v t, w t , r b t >_ 0 t = 0,1,..., T (4-10) 
The above is a nonlinear programming problem with a linear 
objective function and four types of significant constraints, 
three of them nonlinear. 
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Optimality Analysis for the Nonlinear Programming Problem 
12 
For a nonlinear programming problem of the form: 
maximize: f(x) (4-13) 
subject to: g^(x) <_ b^ i = 1,2,..., m (4-14) 
x_. >_ 0 j = 1,2,..., n (4-15) 
where f(x) and g^(x) are differentiable functions, x* = 
(x 1*, x 2*/..., x n * ) is a Kuhn-Tucker point if there exist 
u^, u 2, .../ u^ such that the following conditions are 
satisifed. 
»f(x) _ » 8 g i ( x ) < 0 (4-16) 
sx. . = 1 ax. -
3-1 X j X j j • • • / 3 — ^ f ̂  / • • • / ^ 
3f(x) m ^ 1 ( X ) 
V^xT"" . \ - t xT-> - 0 ( 4 " 1 7 ) J 3 1=1 3 
g ±(x*) - b ± £ 0 (4-18) 
i = 1,2,..., m 
u ^ g ^ x * ) - ^ ) = 0 (4-19) 
x.* > 0 j = 1,2,..., n (4-20) 
u± ^ 0 i = 1,2,..., m (4-21) 
These conditions are called the Kuhn-Tucker conditions, 
where the u^'s are referred to as Lagrange Multipliers. The 
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above expressions are necessary conditions for optimality, 
but not sufficient. The problem must satisfy certain convexity 
assumptions to guarantee a global optimal point: if f(x) 
is a concave function and g,(x), g 0(x),... g (x) are convex 
i z m 
functions, then x* = (x^*, x^*, .../ x n * ) is a global optimal 
solution. 
Checking the Sufficient Conditions for Optimality 
In order to ensure that the solution obtained by 
solving the nonlinear programming problem is a global opti­
mal solution, it is necessary to analyze the objective func­
tion, which must be concave, and the set of constraints, which 
must form a convex set. Examining Equation (4-1), it is 
seen to be a linear function, and hence, a concave function. 
For analyzing the set of constraints there is performed 
a test of convexity: a function g(x) is convex if the 
Hessian of g(x) is positive definite or positive semidefinite 
for all non-zero vectors x = (x,, x~, . . . , x ). Before per-
— 1 2. n 
forming the analysis it is necessary to define some terms used 
18 
in the convexity analysis: 
a. The Hessian of a function g(x^, x^,..., x n) is a (n x n) 
symmetric matrix given by: 
V x i ' x 2 V = 4^r} (4~22) 
1 3 
b. A matrix H is positive definite if and only if the 
quadratic form: 
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x H x' > 0 for all x ^ 0 (4-23) 
where x' is the transpose of vector x. It is positive semi-
definite if and only if x H x' _> 0 for all x ^ 0 and there 
exists an x ^ 0 such that x H x' = 0. 
c. A matrix is negative definite or negative semidefinite 
if and only if -H is positive definite or positive-semi-
definite, respectively. 
Analysis of Budget Constraints. The general expression 
for the budget constraint is: 
n 
" j i i a t j x j
 + vt - wt - v t - i ( 1 + V + wt-i ( 1 + rbt-i) i Mt 
(4-2) 
t 1,2,..., T 
The Hessian for this function, denoted by H BC' i s 
H BC 
x l x 2 * ' . . X n vt-l v t wt-l w t rbt- 1 






































t- i 0 0 . . . 0 0 0 0 0 0 (4 
v t 0 0 . . . 0 0 0 0 0 0 
wt-i 0 0 . . . 0 0 0 0 0 0 
wt 0 0 . . . 0 0 0 0 0 1 
rbt-l 0 0 . . . 0 0 0 0 1 0 
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Applying Equation (4-23) where x = (x,, x 0,..., x , v. , 
j. *- n t— j . 
v f c, w t _ i ' w t / rbt-l^' there is obtained the expression 
2r^ t_^ wt-l w ^ ^ c ^ 5 r e a t e r than zero for any rk4-_i a n < ^ wt-l 
greater than zero. Thus H_-, is positive definite and this 
constraint defines a convex set. 
Analysis of Equity Constraints. The equity constraints 
are given by the following expression: 
n E. - E . - v. -. r n + w. ,r, , , - I a, .x. < 0 t t-1 t-1 I t-1 bt-1 • -i t] i -3=1 J J 
t 1,2/.../ T 
(4-5) 
The Hessian H_-, can be stated as: EC 
H EC 
x i x 2 • ' . . X n 
Et-1 E t vt-l wt-l rbt 
x l 0 0 . . . 0 0 0 0 0 o" 
0 0 . . . 0 0 0 0 0 0 
• 




















0 . . 
• 









= E t - i 0 0 . . . 0 0 0 0 0 0 
E t 0 0 . . . 0 0 0 0 0 0 
v t - i 0 0 . . . 0 0 0 0 0 0 
w t - i 0 0 . . . 0 0 0 0 0 1 
r b t - i 0 0 . . . 0 0 0 0 1 0 
-1 
(4-25) 
Again applying Equation (4-23), where x = (x^, x 2 , . . . , x n , 
E t - i f E t , v t - 1 ' w t - l ' rbt-l^ t h e f o l l ° w i n g expression is 
obtained: 
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2 rbt-l wt-l > 0 f o r 3 1 1 rbt-l' Wt-l > 0 ( 4 " 2 6 ) 
So H is positive definite and this constraint also defines EC 
a convex set. 
Analysis of Interest Rate Constraints. The general 
form of this constraint is: 
bw, + E. (a-r, . ) < 0 t t bt — (4-7) 
The Hessian H n can be stated as: i r l . 
w. 
H^ = E IRC 
W t E t rbt 
0 0 0 
0 0 - 1 
bt LT 0 - 1 0 
(4-27) 
Applying Equation (4-2 3) one obtains the following expres­
sion where x = (wfc, E t , r^ t) 
-2r. . E. < 0 for all r, . , E,_ > 0 bt t bt t (4-28) 
Thus, H I R (-. is negative definite and this set of constraints 
does not define a convex set. 
The constraints of the type x^ <_ 1 for j = 1,2,..., n 
are linear functions and so they can be considered as convex 
functions. 
After analyzing the set of constraints, it can be said 
that they define a non-convex set. Therefore, the sufficient 
60 
conditions for optimality cannot be used to assure that an 
optimal solution corresponds to a global optimal point. 
Any algorithm employed in obtaining the solution of this non-
convex nonlinear programming problem will reach a point that 
might be a local optimal point. In the next chapter the 
problem is solved with different starting points in an 
attempt to investigate the possibility of obtaining the same 
solution, and if not, then to increase the probability of 
obtaining the optimal solution. 
Modification of the General Problem 
Some changes can be suggested in the formulation of 
the problem in order to transform the non-convex into a 
convex nonlinear programming problem. If it is assumed that 
the equity of the firm remains constant over the horizon, the 
equity constraints can be deleted and the problem stated as: 
maximize: v^ - w^ (4-1) 
n 
subject to: - z a 0.x. + v A - w„ < M A (4-3) j=l °] ] 0 0 - 0 
n 
a t j x j + v t - w t - v t - i ( 1 + r ) l ) + w t - i ( 1 + r b t - i ) ± M t 
( 4 - 2 ) 
- E f r b t + bw <_ -E fa t = 0,1,..., T (4-29) 
0 < x. < 1 j = 1,2,..., n (4-12) 
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v t , w t , r b t > 0 t = 0 , 1 , . . . , T ( 4 - 1 0 ) 
where E ^ i s t h e f i x e d e q u i t y . I t s h o u l d be n o t e d t h a t t h i s 
f o r m u l a t i o n r e s u l t s i n a b i - l i n e a r p r o b l e m . 
The i m p l i c a t i o n o f f i x i n g t h e e q u i t y a t a c o n s t a n t 
l e v e l t h r o u g h o u t t h e p l a n n i n g p e r i o d makes t h e p r o b l e m l o s e 
g e n e r a l i t y i n a c e r t a i n s e n s e , c o n s i d e r i n g t h a t t h e e q u i t y 
i s n o t g e n e r a t e d b y • t h e model i t s e l f . T h i s s i t u a t i o n c a n 
r e p r e s e n t t h e c a s e o f a f i r m t h a t s t a r t s w i t h an i n i t i a l 
e q u i t y t h a t r e m a i n s c o n s t a n t d u r i n g t h e p l a n n i n g p e r i o d , 
w h e r e a l l e a r n i n g s p r o v i d e d by t h e p r o j e c t s a r e i n v e s t e d i n 
o t h e r o p p o r t u n i t i e s o u t s i d e t h e f i r m . I n c o n s i d e r i n g t h i s 
p r o b l e m , t h e f u n d s p r o v i d e d by t h e p r o p o s a l s do n o t h a v e t o 
s a t i s f y any e q u i t y c o n s t r a i n t s , and t h e amounts b o r r o w e d a r e 
r e s t r i c t e d o n l y a c c o r d i n g t o t h e d e b t - e q u i t y r a t i o d e t e r m i n e d 
by t h e m o d e l . 
O p t i m a l i t y A n a l y s i s f o r t h e M o d i f i e d N o n l i n e a r P r o g r a m m i n g 
P r o b l e m 
I n a p r e v i o u s s e c t i o n t h e r e was d e m o n s t r a t e d t h e c o n ­
c a v i t y o f t h e o b j e c t i v e f u n c t i o n ( 4 - 1 ) , and t h e c o n v e x i t y o f 
t h e b u d g e t ( 4 - 2 ) a n d p r o j e c t upper bound c o n s t r a i n t s ( 4 - 8 ) . 
T h e r e r e m a i n s t h e m o d i f i e d i n t e r e s t r a t e c o n s t r a i n t ( 4 - 7 ) , 
w h i c h i s t r a n s f o r m e d i n t o a l i n e a r f u n c t i o n w i t h t h e assump­
t i o n made a b o u t t h e e q u i t y . T h i s c o n s t r a i n t c a n a l s o be 
c o n s i d e r e d c o n v e x . T h u s , f o r t h i s m o d i f i e d n o n l i n e a r p r o ­
gramming p r o b l e m t h e r e e x i s t s a n o p t i m a l p o i n t x * i f i t 
s a t i s f i e s E q u a t i o n s ( 4 - 1 6 ) t h r o u g h ( 4 - 2 1 ) , t h e K u h n - T u c k e r 
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necessary conditions. Furthermore, the sufficient condi­
tions for optimality are satisfied so any such point can be 
considered a global optimal point. In the next chapter 
this problem is solved and the results are compared with the 
solution given by the general problem. 
Linear Programming Problem 
Now there are discussed the assumptions followed in 
establishing a simplified approach to the nonlinear model. 
Observing Equations (4-2), (4-5), (4-7), and (4-11), it is 
noted that if r. . is fixed the constraints become linear. 
bt 
Taking that into account and deleting Equation (4-7), there 
can be suggested an iterative process for solving the linear 
programming problem: given at each iteration a value of 
interest rate on borrowed money calculated by Equation (4-6) 
(as an equality), solve the linear programming problem to 
obtain the values of debt and equity. These are then 
re-entered into Equation (4-6) and the LP solved again. The 
process stops when the interest rate vector converges. Figure 
4-1 shows a flowchart of the algorithm. 
A difficulty arises when the equity is zero. The 
model itself does not seem to solve this situation. One 
possibility is to assign an infinitely large value to the 
interest rate when this occurs in order to force the debt 
to zero. It was demonstrated computationally that this 
approach does not converge. The difficulty is avoided by 
defining the debt-equity ratio as the average of debt over 
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Set r b 0 = Initial 
Interest Rate 
Solve the Linear 
Programming Model 
Figure 4 - 1 . Flow Chart of Iterative Process Using Linear 
Programming Solutions. 
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the average equity during the planning period. This average 
can be weighted average or not, depending on the cash flows 
generated by the solution at different interest rates. 
The model can be written as: 
maximize: v T - w T (4-1) 
n 
subject to: - E a 0 j X j + v 0 ~ W 0 - M 0 (4-3) 
n 
[ u M t ] a t j x j + v f c - w t - v t(X+r t) + w t_ 1(l+r b) > M f c 
( 4 - 2 ) 
t ~ 1,2,..., T 
n 
E l " . f 1 a l j x j "
 v 0 r * + w 0 r b ± E o ( 4 " 3 0 ) 
t U E t ] 
n 
E t - E t - i - jf1 a t j x j - v t - i r * + w t - i r b i 0 
( 4 - 3 1 ) 
t 2,3,..., T 
[ u x j ] x j - 1 j = 1 ' 2 ' " " n (4~8) 
X j > 0 j = 1,2,..., n (4-10) 
v t, w t , E t >_ 0 t = 0,1,..., T (4-9) 
Here, r. is obtained at each stage by 
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Z w t f t 
r b - a + b (zVf7> <4~32> 
t * * 
w h e r e i s t h e w e i g h t g i v e n t o t i m e t . 
O p t i m a l i t y A n a l y s i s f o r t h e L P P r o b l e m 
F o r e v e r y l i n e a r programming p r o b l e m t h e r e i s a s s o ­
c i a t e d a d u a l l i n e a r programming p r o b l e m w h i c h s a t i s f i e s 
c e r t a i n p r o p e r t i e s u s e d i n o b t a i n i n g t h e s o l u t i o n o f t h e 
o r i g i n a l p r o b l e m . U t i l i z i n g t h e d e f i n i t i o n o f d u a l i t y t h e 
19 
p r i m a l p r o b l e m i s t r a n s f o r m e d i n t o t h e d u a l a s f o l l o w s . 
T n 
m i n i m i z e : Z + E + z u ( 4 -33 ) 
t=0 3=1 J 
s u b j e c t t o : - Z a . u + u . - Z a . u < 0 ( 4 -34 ) 
( x . ) t=0
 113
 M t *3 t = l Z 3 E t ~ 3 
U M t " ( 1 + r * ) u M , t + l " r * u E , t + l i 0 
( v ) t = 0 , 1 , . . . , T - l 
( 4 -35 ) 
U MT ± 1 ( 4 " 3 6 ) 
" U M t + ( 1 " r b ) U M , t + l + r b U E , t + l ± 0 
( w t ) t = 0 , 1 , . . . , T - l 
( 4 -37 ) 
- u M T < "I < 4 ~ 3 8 ) 
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(E t) 
UEt " UE,t+l ± 0 t = 1 , 2 T _ 1 ( 4 ~ 3 9 ) 
u E T < 0 (4-40) 
Equation (4-34) is derived from the project activity-
variables. Equations (4-35) and (4-36) from lending activities. 
Equations (4-37) and (4-38) from borrowing activities, and 
Equations (4-39) and (4-40) from equity variables. 
From Equations (4-36) and (4-38) it can be established 
that u M * = 1 
From Equations (4-35) and (4-37) one obtains the fol­
lowing expressing: 
(4-41) 
( 1 + r b ) u M , t + l + rb UE,t+l 1 UMt ± ( 1 + V U M , t + l + r* UE,t+l 
If only borrowing activities are performed at time t, 
the left side of (4-41) has to be satisifed as equality: 
( 1 + ? b ) U M , t + l + F b U E , t + l = UMt ( 4 " 4 2 ) 
Rearranging terms the following expression is achieved: 
•Q * + U * 
(l+r, ) = » M t — . ; t + 1 t = 0,1,..., T-1 (4-43) b u* . ... + u* . . -j t t t M,t+1 E,t+1 
Similarly, if v^* > 0 the right side of (4-41) becomes an 
equality: 




( 1 + r £ ) = u * ^ + u * t + 1 t = T-l (4-45) * UM,t+l + UE,t+l 
These results are similar to those obtained by Weingartner 
for the basic horizon model. Equations (4-43) and (4-45) 
differ from the classical formulas by the inclusion of the 
UE,t+l t e m S -
Analogous results are obtained for project acceptance 
criteria. From Equation (4-34) one has: 
T T 
u*j 1 ^ a t j u E t + z a t j u M t j = 1,2 n (4-46) 
For completely accepted projects x* = 1, u*. > 0 and 
3 x 3 
Uxj = X a t j U E t + J0atjUMt < 4 - 4 7 ' 
Similarly, if the proposal j is partially accepted 
u . * = 0 and: 
T T 
0 < Z a. .u_. + z a. .u M. (4-48) - t = 1 tj Et t = Q t] Mt 
Thus, the pricing of the cash flows to determine project 
acceptance must be performed with the dual variables from the 
cash balance constraints and the equity constraints. Since 
the u £ t are not known until the problem is solved, one cannot 
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develop a simple acceptance criterion based on a common 
interest rate for borrowing-lending, as is the case for the 
basic horizon model. 2^ 
In this chapter there were presented and analyzed three 
models for deterministic capital budgeting. The following 
chapter presents computationsl experience for these models 




In this chapter are presented the computational results 
for the three basic approaches developed in the previous 
chapter: 
1. Non-convex nonlinear programming problem 
2. Convex nonlinear programming problem 
3. Linear programming problem 
These are referred throughout the chapter as non-convex, 
convex, and linear problems respectively. 
Three sets of projects were selected for solution by 
these approaches. A horizon of seven years was assumed for 
each set, and the projects were generally defined so that 
there would be large disbursements during the initial years 
and large revenues near the horizon. The result was a ten­
dency to borrow in almost all the periods. Following are 
shown the project sets: 
Set A. This is composed of four projects; there is assumed 
a lending interest rate of 4.0 percent. The rela­
tionship between the borrowing interest rate and the 
debt-equity ratio is IR ± = 0.0531 + 0.0378 ( w ^ E ^ , 
and an initial equity equal to $50,000 is assumed. 
Set B. This set consists of ten projects, with a lending 
interest rate is 4.0 percent. The same relationship 
7Q 
between borrowing interest rate and debt-equity 
ratio is used as for'set A, that is, IR^ = 0.0531 + 
0.0378 ( w i / E i ) , the initial equity is also $50,000. 
The cash flows and budget for each period of time. 
for sets A and B are given by Tables 5-1 and 5-, 
Table 5-1. Cash Flows and Budgets for Set A. 
t atl a t 2 at3 at4 M t 
0 -1,000 -2,000 -1,000 -5,000 1,000 
1 -2,000 -2,000 -5,000 -5,000 5,000 
2 -5,000 3,000 -6,000 -2,000 300 
3 -5,000 -2,000 4,000 -2,000 500 
4 -5,000 -2,000 -8,000 - 500 
5 10,000 4,000 -7,000 -500 -
6 10,000 4,500 20,000 15,000 500 
7 10,000 5,000 20,000 20,000 1,000 
Set C. In this set the cash flows and budget for each 
period of time and the initial equity are the same 
as for set B. Otherwise, the lending interest rate 
is assumed to be 5.5 percent and the relationship 
of debt/equity ratio-borrowing interest rate is 
considered as IR. = 0.0679 + 0.023595 (w./E.). 
Overview of Solution Procedures 
For solving nonlinear programming problems a large 
number of techniques have been developed. Due to the many 
Table 5-2. Cash Flows and Budgets for Set B. 
t atl at2 at3 at4 at5 at6 at7 at8 at9 atio M t 
0 -1000 -2000 -5000 -1000 — -500 -2000 -2000 -10000 -10000 1000 
1 -2000 -2000 -1000 -1000 - -500 -1000 -2000 -10000 - 5000 
2 -10000 -2000 - -1000 -20000 -500 1000 2000 - - 300 
3 -20000 -3000 -1000 1000 -20000 -500 1000 2000 -10000 - 500 
4 1000 -10000 - 1000 5000 -5000 1000 2000 -10000 - 500 
5 10000 10000 -5000 2000 -5000 1500 1000 -2000 -20000 -2000 -
6 10000 40000 -5000 -5000 25000 1500 1000 2000 60000 15000 500 
7 -50000 -2000 35000 12000 5000 10000 500 — 50000 25000 1000 
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forms that a nonlinear programming problem can take, specific 
techniques have been developed for solving special problems. 
Only a few procedures have proved to be useful in solving 
general nonlinear programming problems. Several procedures 
employ penalty function techniques which require the use of 
derivatives. Other search methods utilize a more simplified 
approach that gives good results for certain types of pro-
18 
blems. 
An indirect technique that can be suggested is to fix 
certain variables so as to linearize the nonlinear constraints. 
Then an LP problem is solved. In a second problem there are 
made variable the terms that were fixed and fixed those which 
were variable in the first problem. The procedure is repeated 
until no change in the variables is reached. 
Non-Convex Nonlinear Programming Problem 
Hooke and Jeeves Solution Algorithm 
One way of solving the non-convex problem is to apply 
a nonlinear programming algorithm directly. The program 
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Comet, which utilizes a penalty function technique, was 
used with unsatisfactory results, so that other procedures 
were attempted. 
Other algorithms for solving nonlinear programming 
problems which do not employ derivatives are the direct 
search methods. A procedure for an n-variable optimization 
problem would be to fix (n-1) variables at initial values, 
th 
and search over the n decision variable until a maximizing 
(minimizing) solution is found with respect to that one vari­
able. The process is repeated for each of the (n-1) remaining 
variables until no change in the objective function value 
is obtained. A method which uses this principle is the Hooke 
and Jeeves algorithm. This gave good results in solving 
this type of nonlinear programming problem. The method has 
two phases: the first is an exploratory search phase which 
establishes a direction of improvement, and the second is a 
pattern move which changes the current solution vector to 
another point in the solution space. The algorithm can be 
summarized as follows: 
a. A base point is selected and the objective function is 
evaluated. 
b. Local searches are made in the directions x. + S. and 
x^ - S^, evaluating the function to see if an improvement 
is achieved. 
c. If there is no improvement in the function value, the 
step size is reduced and searches are made from the 
previous base point. 
d. If the value of the function has improved, a temporary 
base xf^ +"^ , is established by the following expression: 
1 1 
x (k+1) x. (5-1) 
where i = variable index 
a = acceleration factor 
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k = stage index (a stage is the end of n searches and 
subscript o denotes the temporary base). 
e. If the temporary base results in an improvement in the 
function value, a new local search is performed about the 
temporary base, a new base is located, and the value of 
the function checked. The process is continued as long 
as the function improves. 
f. If the temporary base does not give an improvement in 
the function value, a search is made from the previous 
best point. 
g. The procedure is terminated when the convergence criterion 
is satisfied. 
A diagram for the Hooke and Jeeves search is shown in 
Figure 5-1. 
The Hooke and Jeeves algorithm was originally designed 
for solving multivariable unconstrained, nonlinear functions. 
It can be used for solving constrained nonlinear programming 
problems by evaluating the function subject to the constraints 
after each movement. In the case of the non-convex problem. 
Equations (4-1) through (4-3), (4-5), (4-7), and (4-10) 
through (4-12), it is necessary to define which terms will 
be considered as decision variables. Observing the structure 
of the problem, it can be suggested that the borrowing interest 
rates be considered as variables to be changed by the Hooke 
and Jeeves algorithm. First, by fixing those variables the 
constraints (4-2), (4-5), (4-7), and (4-11) are transformed 
Select Initial Point 
and Step Size*. ' 
Evaluate Objective 
Function 






Figure 5-1. Flow Chart of Hooke and J e e v e s Algorithm. 
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into linear constraints, so that instead of evaluating a non­
linear function as in the original Hooke and Jeeves algorithm, 
there is solved an LP problem. The objective function value 
of the LP is considered in the convergence criterion of the 
overall algorithm. Second, because the range of these vari­
ables is narrower than that for the lending and borrowing 
activities, for example, it is presumed that they are more 
easily managed. 
There are four basic parameters to be defined in 
order to utilize the Hooke and Jeeves algorithm: 
ALPHA = factor for extending the size of the initial steps, 
ot >_ 1. 
BETA = factor for reducing the initial step size, 0 <_ BETA 
1 1. 
EPSY = error in objective function to be reached before pro­
gram terminates (difference between current value 
and previous stage value). 
S^ = vector of initial step-sizes to be used for each of 
the variables. 
Results of the Non-Convex Nonlinear Programming Model 
In solving the non-convex problem it was assumed 
ALPHA = 2.0, BETA = 0 . 5 , S i = 0.5 (the initial value of the 
variable), and EPSY = 5.0 for sets A and B. For set C the 
same values were used except EPSY = 2 5 . 0 . 
By the convexity features of the problem, it cannot be 
guaranteed that a global optimal solution will be obtained. 
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Thus, as many as ten different starting solutions were tried. 
There were obtained similar objective function values for 
all the set of initial points. In addition, the final values 
of the variables are very similar. The algorithm itself is 
a numerical method, so that some errors are incurred, first, 
due to the values of the parameters and the convergence 
criterion employed, and second, due to round off errors 
involved in the solution of the LP problems. 
Tables A-l, A-2, and A-3 show the objective function 
value, the borrowing interest rate obtained for each period 
of time, the number of function evaluations, the solution 
computer time, the initial interest rate used in each case, 
and the units of accepted projects for sets A, B, and C, 
respectively. 
Observing the objective function values, one can cal­
culate an error with respect to the best solution of 0.11 
percent for set A, 0.24 percent for set B, and 0.42 percent 
for set C. These are small considering the numeric features 
of the algorithm. 
Observing Tables A-4 through A-6, it can be noted 
that for the three sets, the equity shows a decreasing pattern 
with respect to time, which is opposite to the pattern shown 
by the debt and the borrowing interest rate, which are 
increased from time zero to the fifth period. In the last 
two periods, they have values of zero and a (intercept of 
regression equation), respectively, except for cases A.1.1, 
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A.2.1, A.4.1, A.6.1 to A.8.1, and A.10.1. A typical result 
for set A is given in Table 5-3. 
Table 5-3. Typical 
by the 
Results for Set A 
Non-Convex Model. 
Given 
t v t w t E t w t / E t rbt 
0 6696 50000 0.1339 0.0582 
1 12459 38814 0.3209 0.0652 
2 16118 34528 0.4668 0.0708 
3 18308 31605 0.5792 0.0750 
4 26646 21476 1.2407 0.1000 
5 30051 17149 1.7523 0.1193 
vo 70 21639 0.0032 0.0532 
7 39493 - - - 0.0531 
x 1 = 0.037 x 2 = 1. 000 x 3 = 0.670 x 4 = 1.000 
From Equation (4-7): 
E t ( a - r b t ) + b w t <_ 0 t = 0,1,..., T 
It can be deduced that when E f c = 0, necessarily w^ = 0. 
Otherwise, when w f c = 0, E f c may be greater than or equal to 
zero. This last fact can be seen in all the cases for set 
B and C. It can also be observed that there are lending 
activities in periods of time where no borrowing activities 
are presented. 
Figure 5-2 shows how the objective function value 
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Figure 5-2. Non-Convex Model, Convergence for Set C 
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evaluation, for the case C.5.1. (Tables A-3 and A-9) . 
It is observed that the closer the values approach the opti­
mal point, the slower the absolute convergence. 
Optimality Analysis for the Non-Convex Problem:Kuhn-Tucker 
Conditions 
For the non-convex nonlinear programming problem. 
Equations (4-1) through (4-3), (4-5), (4-7), and (4-10) 
through (4-12), x* is a Kuhn-Tucker point if there exist 
such that x* satisfies Equations (4-16) 
through (4-21). Equations (4-17) and (4-19) represent 
complementary slackness between the variables and constraints 
of the original problem and the Kuhn-Tucker multipliers and 




tfQ atj UMt + atj UEt ^ Uxj 3 = 1,2 n (5-2) 
For lending: 
- u M t + d + r £ ) u M > t + 1 - r £ u E > t + 1 < 0 
" U M T + 1 i 0 
For borrowing: 
UMt " ( 1 + r b t ) U M , t + l " rbt UE,t+l " b U i t < ° 
(5-3) 
t = 0,1, , T-1 
(5-4) 
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U MT " b u i T " 1 i 0 
For equity: 
""Et + UE,t+l " ( a- rbt' Ui,t-l ± ° 
""ET " ( a - r b T ) U i T ± 0 
For interest rate: 
- W t U M / t + l " V ^ t + l + E t U i t i 0 
- E T u i T < 0 
The Kuhn-Tucker multipliers are not given by the non­
linear algorithm so that is necessary to solve all the Kuhn-
Tucker conditions in order to obtain the values. This was 
done by first fixing certain multipliers using complementary 
slackness conditions, and then solving for the rest using 
Gauss-Jordan substitution. Table 5-4 shows the multiplier 
values for case A.7.1. 
Convex Nonlinear Programming Problem 
Iterative Solution Procedure Adapted to Convex Nonlinear 
Programming Model 
A procedure that can be suggested for solving the con­
vex nonlinear programming problem, Equations (4-1) through 
(4-3), (4-10), (4-12), and (4-29), is to fix certain variables 
in order to linearize the nonlinear epxressions. Then one can 
(5-7) 
— 1,2,..., T—1 
(5-8) 
(5-9) 
t = 0,1,..., T-l 
(5-10) 
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Table 5-4. Multiplier Values for Case A.7.1. 
Budget Equity Interest Rate Project 
Constraints Constraints Constraints Constraints 
u „ n . u. . u t MT Et it 
0 2.1278 0.16423 0.26800 0 
1 2.0012 0.16094 0.64373 5123.6 
2 1.8457 0.15044 0.85796 0 
3 1.6829 0.13347 0.96831 5573.1 
4 1.5209 0.09488 1.76231 
5 1.2899 0. 2.02730 
6 1.0748 0. 0.28594 
7 1.000.0 0. 0. 
solve an LP problem (step 1 ) . In a subsequent problem (step 
2) we can make variable the terms that were fixed and fix 
those which were variable in step 1. 
For the convex problem this two-step procedure can be 
applied as follows: Fixing the borrowing interest rate, rb£» 
step 1 becomes: 
maximize: v T - w T (4-1) 
x j ' v f w t 
n 
subject to: - z a Q .x. + v Q - w Q _< M Q (4-3) i-1 3 3 
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n 
• \ a t j X j + V t " V t - l ( 1 + r £ » " W t + W t - l ( 1 + r b t - l ) ± M t 
t l / 2 / > ( < / T 
n 
( 4 - 2 ) 
b w t - " E f ( a " r b t ) fc = T ( 5 -11 ) 
0 < x . < 1 j = 1 , 2 , . . . , n ( 4 -12 ) 
v f c, w t , Xj >_ 0 t = 0 , 1 , . . . , T ( 5 -12 ) 
w h e r e Ec and r, . a r e f i x e d , f b t 
I n s t e p 2 , we f i x w f c and s o l v e 
m a x i m i z e : v T ( 5 -13 ) 
x j ' V r b t 
n 
s u b j e c t t o : - £ a o ' x " + v f j ~ w 0 — M 0 ( 4 - 3 ) 
j = l 3 3 
a t j X j + V t " V t - l ( 1 + r * > + W t - l r b t - l i M t + W t " W t - 1 
( 4 - 2 ) 
t = 1 , 2 , . . . , T 
- E f r b t <_ - a E f - b w t t = 0 , 1 , . . . , T (5 -14 ) 
0 < Xj < 1 j = 1 , 2 , . . . , n ( 4 -12 ) 
v t , r b t ^ 0 t = 0 , 1 , . . . , T ( 5 -15 ) 
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The two-step process is performed until no change in 
the values of the variables is obtained. Set A was solved by 
this approach, employing different initial solutions, 
with the results shown in Figure 5-3. 
The axis r^ t represents a starting interest rate which 
is the same for all time points t = 0,1,..., T. It can be 
noted that the procedure reaches the same optimal point for 
only certain initial solutions, so that it does not seem to 
be a general procedure for solving the problem. Accordingly, 
this method was abandoned. 
Results of the Hooke and Jeeves Algorithm for the Convex 
Nonlinear Programming Problem 
In this problem the values of ALPHA, BETA, EPSY, and 
S^ are the same as in the case before. Again, different 
starting solutions were used to see if the same optimal point 
is achieved. Tables A-7 through A-12 show the results.for 
this problem. It can be noted that a similar optimal point 
is reached for all the different initial solutions, proving 
that the algorithm is capable of solving this type of non­
linear programming problem and obtaining the global optimum. 
The pattern followed by the optimal values of the 
variables in this problem is similar to those shown for the 
non-convex NLP problem. A typical result for set A is given 
in Table 5-5. Due to the formulation itself, the equity 
remains constant over the planning period. Otherwise, the 
debt and borrowing interest rate increase up to fifth period, 
when they reach their maximum values. In period seven their 
Objective 
Function 
Figure 5 - 3 . Results for Set A Given by the Two-Step Proce­
dure Developed for Solving the Convex Model. 
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v a l u e s a r e r e d u c e d d r a s t i c a l l y : a z e r o v a l u e f o r d e b t and 
a v a l u e o f a ( i n t e r c e p t o f t h e r e g r e s s i o n e q u a t i o n ) f o r t h e 
b o r r o w i n g r a t e a t t i m e T . 
T a b l e 5 - 5 . T y p i c a l R e s u l t f o r S e t A G i v e n 
by t h e Convex M o d e l . 
t V t W t E t w t / E t r b t 
0 — 7999 50000 0.1599 0. 0591 
1 - 17472 50000 0.3494 0. 0663 
2 - 28331 50000 0.5666 0. 0745 
3 - 34941 50000 0.6988 0. 0795 
4 - 52219 50000 1.0443 0. 0925 
5 - 50555 50000 1 .0111 0. 0913 
6 - 5173 50000 0.1035 0. 0570 
7 50530 - 50000 - 0. 0531 
X l = 1.000 x 2 = 1 . 000 x 3 = 1.000 x . 
4 
= 1 . 000 
L e n d i n g a c t i v i t i e s a r e p e r f o r m e d o n l y i n p e r i o d T . 
The maximum d i f f e r e n c e i n t h e o b j e c t i v e f u n c t i o n v a l u e s c a n 
be c a l c u l a t e d a s 0 . 0 1 p e r c e n t f o r s e t A , 0 .3 p e r c e n t f o r s e t 
B , and 0.4 8 p e r c e n t f o r s e t C , w h i c h a r e n o t v e r y s i g n i f i c a n t 
c o n s i d e r i n g t h e n u m e r i c a l c h a r a c t e r i s t i c s o f t h e a l g o r i t h m . 
F i g u r e 5-4 shows how t h e o b j e c t i v e f u n c t i o n v a l u e s 
change w i t h t h e number o f o b j e c t i v e f u n c t i o n e v a l u a t i o n s b y 
t h e a l g o r i t h m i n s o l v i n g t h e p r o b l e m f o r c a s e C . 4 . 2 . 
R e s u l t s o f t h e L i n e a r P rogramming Mode l 
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Figure 5-4. Convex Model, Convergence for Set C. 
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(4-8) through (4-10), (4-30), and (4-31), it was assumed 
f = (T+l)-''" so that the same weight is given to debt and 
equity for each period of time in the interest rate equation: 
Z w t f t 
r b - ( f E T f 7 > <5-i6> 
t r 
Table 5-6 gives the results from applying LP model to 
set A: 
Table 5-6. Result for Set A Given 
by the LP Model. 
t V t W t E t 
0 — 7865 50000 
1 - 17339 35525 
2 - 28006 24559 CO - 34480 17585 
4 - 51565 -
5 - 51280 285 
6 - 7460 -
7 46481 - 52951 
x1 = 0.865 x 2 = 1. 000 
x 3 = 1.000 X 4 = 1. 000 
There was obtained an average interest rate r^ = 0.094, 
with a debt-equity ratio equal to 1.095. It can be noted 
that the borrowing and lending activities follow the same 
pattern as in the nonlinear models while the equity does "not. 
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In the next chapter several conclusions are reached 
about the results obtained, and there are discussed the 
implications of each model. 
Evaluation 
Comparison Among Models 
Analyzing the results, it is interesting to observe 
that the amounts borrowed by the convex model are larger 
than for the non-convex model. This occurs because interest 
paid on borrowed money decreases equity in the non-convex 
model but not in the convex model. The lower equity leads to 
higher interest rates and less borrowing in the non-convex 
model. Also, the equity constraints themselves limit the 
feasible space; these constraints are absent in the convex 
model. The larger amounts borrowed are invested in profit­
able projects, so that larger objective function values are 
achieved. These results cannot be generalized because the 
equity is fixed in the convex model, and the two models are 
solving different problems. A low fixed equity could lead 
to a lower objective function for the convex model. 
Comparing the non-convex with the linear model, the 
latter results in more borrowing but also in more cash at the 
horizon (objective function value). This can be explained 
as follows: Both models use the same interest rate function, 
but the linear model computes an average debt-equity ratio 
where the debt and equity values for each time period receive 
equal weight: 
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ratio, = EE f 
t 
(5-17) 
where ffc = 1/(1+T). 
The non-convex model, on the other hand, computes a 
debt-equity ratio w t / E t each time period. In a sense, the 
non-convex model can be interpreted as determining an "average" 
debt-equity ratio, except that here the average would be 
defined by a different formula: 
In this case the f t weights correspond to the amounts borrowed 
each period. The averaging process defined by (5-18) results 
in a higher ratio than (5-17) for the example problem. 
Also, the equity constraints in the non-convex model 
define a smaller feasible space than is the case for the LP 
model. The equity actually approaches zero values for set A 
using the non-convex model (Table A-i)* 
Comparison wit:; basic Horizon Model 
It is instructive to compare the results achieved by 
the nonlinear models with those of Weingartner's basic horizon 
model, which assumes a fixed borrowing rate (Table A-13). 
Taking set A, for example. Table 5-7 show the results given 
by the basic horizon model at four different interest rates. 
It can be noted that the amounts borrowed are greater 
ratio (5-18) 
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T a b l e 5 - 7 . R e s u l t s f o r S e t A G i v e n by t h e 
B a s i c H o r i z o n M o d e l . 
r b t 0. 0531 0. 075 0.100 0.125 
t W t V t W t V t W t V t W t V t 
0 8000 — 8000 — 8000 — 8000 — 
1 17420 - 17600 - 17800 - 18000 -
2 28050 - 28620 - 29280 - 29950 -
3 34040 - 35270 - 36710 - 38190 -
4 50350 - 52410 - 54880 - 57470 -
5 46520 - 49840 - 53870 - 58150 -
6 - 10090 3581 - 9253 - 15420 -
7 - 57050 - 52150 - 45820 - 38650 
X l 1 .000 1 .000 1 . 000 1 . 000 
x 2 1 .000 1 .000 1 . 000 1 . 000 
X 3 1 
.000 1 .000 1 . 000 1 . 000 
X 4 1 .000 1 .000 1 . 000 1 . 000 
t h a n f o r t h e c o n v e x model and h e n c e f o r t h e n o n - c o n v e x m o d e l , 
due t o t h e f a c t t h a t no r e s t r i c t i o n s a r e made i n t h e way o f 
o b t a i n i n g f u n d s . N o t e t h a t t h i s model a c c e p t s a l l p r o j e c t s 
c o m p l e t e l y , w h e r e a s t h e n o n l i n e a r mode ls a r e more s e l e c t i v e , 
r e f l e c t i n g t h e e c o n o m i c s o f b o r r o w i n g and t h e s m a l l e r f e a s i b l e 
s p a c e . 
O t h e r C o n s i d e r a t i o n s 
O b s e r v i n g t h e b o r r o w i n g i n t e r e s t r a t e s o b t a i n e d by 
n o n l i n e a r m o d e l s one c a n o b s e r v e r a p i d c h a n g e s i n t h e l a s t 
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periods of the planning period. The borrowing interest rates 
are a function of the existing prime rate, the financial 
characteristics of the borrower, and the overall business 
22 
volume of the borrower at the bank. Most corporate debt 
consists of long-term bonds and other debt instruments. 
Once issued, the interest rate on the debt instrument remains 
fixed. The models presented all assume annual debt instru­
ments and thus predict much more rapid changes in aggregate 
interest payments than would actually occur. 
The use of the LP model, which employs a weighted 
average interest rate, seems more suitable for such slower 
changes in actual rates. Alternatively, long-term debt vari­
ables can be explicitly included in the nonlinear models, 
with an increase in model size. 
Computer Requirements 
Considering a commercial cost of $l,000/hour of CPU 
time in Tables 5-8, there are shown average costs for solving 
the nonlinear models. The program requires about 22,000 words 
core space (CDC). 
Chapter Summary 
In this chapter were presented the computational 
results for the three approaches developed in Chapter IV: 
the non-convex, convex, and linear problems. First is given 
an overview of solution procedures. Second, there is dis­
cussed the Hooke and Jeeves algorithm and how it is adapted 
T a b l e 5 - 8 . A v e r a g e Time and C o s t f o r S o l v i n g t h e N o n l i n e a r M o d e l s . 
Non-Convex Model Convex Mode l 
S e t A S e t B S e t C S e t A S e t B S e t C 
^M?« T^Sfn 4 .633 11.383 8.767 3.100 . 8.000 6.700 ( M m . CPU) 
A v g . C o s t , $ 77.216 189.717 146.117 51.667 133.333 111.667 
*CDC C y b e r 74 
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for solving the non-convex problem. These results are then 
shown, followed by an optimality analysis using the Kuhn-
Tucker conditions. Afterward, an attempt is made to solve 
the convex problem by an iterative linear procedure, which 
is abandoned. The convex problem is solved by the Hooke 
and Jeeves algorithm and the results are presented. The 
third approach consists of an iterative LP procedure, and 
results are given for this. Finally, the results of dif­
ferent models are compared with one another and with results 
obtained by the basic horizon model. 
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CHAPTER VI 
CONCLUSIONS AND RECOMMENDATIONS 
Most of the formulations of capital budgeting models 
consider the interest rate on borrowed money assuming a 
constant rate with fixed debt limits, or by establishing 
a rising supply curve for funds where higher interest rates 
are associated with successive amounts borrowed. It is not 
considered in those models that the lender of funds takes 
into account, among other factors, the capital sturcture 
of the firm in determining its borrowing ability. 
The purpose of this research was to extend a capital 
budgeting model, taking Weingartner's basic horizon model 
as a point of departure and to include borrowing interest 
rate as a function of the debt-equity ratio. Other goals 
were to demonstrate the computational ability of an algorithm 
for solving the extended model, and to obtain economic inter­
pretations. 
Three models were developed, and these were solved 
using nonlinear and linear programming techniques. The 
general non-convex model can be related to the situation of 
a firm which starts its operations with an initial equity, 
where there is no allowance for payment of dividends and for 
issuance or purchase of stock. The equity can only be 
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affected by the outlays and returns from investment pro­
posals selected and by the interest on lent or borrowed 
money. The expression which defines the equity restricts 
the problem in such a way that those constraints must be 
satisfied by the funds generated by the proposals. The 
model itself can be used in the planning activity of a small 
firm which knows the cash flows to be generated by the set 
of proposals, may be in a captive market, and due to manage­
ment policy or restrictive covenants does not pay dividends 
during the planning period. The non-convex model was solved 
using the Hooke and Jeeves algorithm. Basically, the Hooke 
and Jeeves algorithm is employed for solving multivariable 
unconstrained, nonlinear functions. It can be used for 
solving a constrained nonlinear programming problem by eva­
luating the function subject to the constraints, resulting 
in LP subproblems. 
The basic feature of the second model, a convex non­
linear model is in the assumption of a fixed equity. Again, 
there is no payment of dividends, issuance or purchase of 
stock. All funds generated by the proposals are invested in 
other outside opportunities after servicing the debt, and do 
not have to satisfy any restriction within the firm. This 
model is also solved by the Hooke and Jeeves algorithm. 
The third model, an iterative linear model can be used 
as a planning tool where the assumption of an average interest 
rate is appropriate. This might reflect the situation of a 
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firm which does not change drastically its financial struc­
ture. The average interest rate is determined by a weighted 
debt-equity ratio. 
After analyzing the results presented in the previous 
chapter some comments should be made: 
1. As a first point it can be said that after trying with 
different starting points for the non-convex nonlinear 
programming model the solutions achieved are essentially 
the same. In some way, the nonconvexity of the set of 
constraints does not appear to result in different 
optima, at least in the range of practical values. 
2. The algorithm employed for solving the nonlinear program­
ming models is not efficient. However, for this type of 
problem, it seems capable of finding the solution, whereas 
other methods were attempted with unsatisfactory results. 
The time consumed by the algorithm can be improved if 
some adjustments are made in the values of the convergence 
and step-size parameters. 
3. In spite of the differences between the models, it is 
noted that for certain variables the pattern followed is 
the same, even for the linear model, as in the case of 
borrowing and lending activities. 
4. The units of projects accepted in the three models for 
each set of proposals A, B, and C, are different,which 
reflect the differences in formulation of the models. 
The numerical results also differ from those obtained 
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using the basic horizon model, indicating that the 
interest rate relationship does affect the capital invest­
ment decision. 
In general, it can be concluded that either the non-
convex model or the iterative linear model can be used to 
represent the relationship between borrowing interest rate 
and debt-equity ratio. The non-convex model includes explicit 
interest rate functions, and is amendable to a variety of 
solution techniques. However, solution times are long. The 
iterative linear model takes less time to solve, but not much 
can be said about convergence of the method. The convex model 
is relatively easy to solve, but its use is not recommended 
because of the restrictive assumption of a fixed equity 
throughout the planning period. 
The general model is incomplete from a company's view­
point. It is possible to improve it by including features 
introduced in other models: compensating balance restric­
tions, payback restrictions, long-term debt variables, integer 
solutions, payment of dividends, issuance or purchase of 
stock. Certainly, there would be no problem in including 
such features except for the last one, which requires a 
deeper analysis of valuation of the firm. These extensions 
were not considered because the main task of this study was 
to include an empirical relationship between the debt-equity 
ratio and the borrowing interest rate in a capital budgeting 
model, and it was not desired to include other constraints 
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that could obstruct the analysis. 
The increase in complexity of the model will likely 
cause a greater requirement of computer time so that other 
algorithms or modifications to the current one should be 
tested to minimize the solution time. It is also suggested 
that other computer algorithms be tried for solving the non­
linear problem presented in this research, since the Hooke 
and Jeeves method consumes about 350 to 450 CPU seconds 
(Cyber 74) for a typical problem. 
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APPENDIX A 
TYPICAL RESULTS FOR SET A, B, AND C GIVEN BY THE NON-CONVEX, 
CONVEX, AND LP MODELS 
Table A-l. Results for Set A Given by the Non-Convex 
Nonlinear Programming Model. 
C A S E A . L . L A . 2 . 1 A . 3 . 1 A . 4 . 1 A . 5 . 1 A . 6 . 1 A.7.1 A . 8.1 A.9.1 A. 1 0.1 
I N I T I A L 
R A T E 
0 . 0 7 5 0 . 1 2 5 0 . 1 5 0 0 . 1 7 5 0 . 2 2 5 0 . 1 0 0 0 . 2 5 0 ( 1 ) 0 . 0 5 3 1 ( 2 ) 
O B J , 
F U N C T I O N 
3 9 4 2 3 9 4 9 3 3 9 4 8 4 3 9 4 9 3 3 9 4 8 2 3 9 4 9 4 3 9 4 9 5 3 9 4 8 9 3 9 4 5 3 3 9 4 9 3 
R B 0 
R B L 
R B 2 
R B 3 
R B 4 
R B 5 
R B 6 
R B 7 
0 . 0 5 8 2 
0 . 0 6 5 2 
0 . 0 7 0 8 
0 . 0 7 5 0 
0 . 1 0 0 0 
0 . 1 1 9 3 
0 . 0 6 2 6 
0 . 0 5 3 1 
0 . 0 5 8 2 
0 . 0 6 5 2 
0 . 0 7 0 8 
0 . 0 7 5 0 
0 . 1 0 0 0 
0 . 1 1 9 3 
0 . 0 5 3 2 
0 . 0 5 3 1 
0 . 0 5 8 1 
0 . 0 6 5 1 
0 . 0 7 0 7 
0 . 0 7 5 9 
0 . 1 0 2 2 
0 . 1 1 6 7 
0 . 0 5 3 1 
0 . 0 5 3 1 
0 . 0 5 8 2 
0 . 0 6 5 2 
0 . 0 7 0 8 
0 . 0 7 0 8 
0 . 1 0 0 0 
0 . 1 1 9 3 
0 . 0 5 3 7 
0 . 0 5 3 1 
0 . 0 5 8 2 
0 . 0 6 5 0 
0 . 0 7 0 3 
0 . 0 7 0 3 
0 . 1 0 0 4 
0 . 1 1 3 1 
0 . 0 5 3 1 
0 . 0 5 3 1 
0 . 0 5 8 2 
0 . 0 6 5 2 
0 . 0 7 0 8 
0 . 0 7 0 8 
0 . 1 0 0 0 
0 . 1 1 9 
0 . 0 5 3 2 
0 . 0 5 3 1 
0 . 0 5 8 2 
0 . 0 6 5 2 
0 . 0 7 0 7 
0 . 0 7 0 7 
0 . 0 9 9 9 
0 . 1 1 8 6 
0 . 0 6 3 0 
0 . 0 5 3 1 
0 . 0 5 8 3 
0 . 0 6 5 2 
0 . 0 7 0 8 
0 . 0 7 0 8 
0 . 1 0 0 0 
0 . 1 1 9 2 
0 . 0 6 5 8 
0 . 0 5 3 1 
0 . 0 5 8 3 
0 . 0 6 5 2 
0 . 0 7 0 9 
0 . 0 7 0 9 
0 . 1 0 5 2 
0 . 1 1 8 1 
0 . 0 5 3 1 
0 . 0 5 3 1 
0 . 0 5 8 2 
0 . 0 6 5 2 
0 . 0 7 0 7 
0 . 0 7 0 7 
0 . 0 9 9 9 
0 . 1 1 8 6 
0 . 0 5 3 1 





0 . 0 3 8 
1 . 0 0 0 
0 . 6 7 0 
1 . 0 0 0 
0 . 0 3 7 
1 . 0 0 0 
0 . 6 7 0 
1 . 0 0 0 
0 . 1 0 2 
1 . 0 0 0 
0 . 0 1 4 
1 . 0 0 0 
0 . 0 3 8 
1 . 0 0 0 
0 . 6 5 0 
1 . 0 0 0 
0 . 0 9 7 
1 . 0 0 0 
0 . 5 9 8 
1 . 0 0 0 
0 . 0 3 7 
1 . 0 0 0 
0 . 6 5 9 
1 . 0 0 0 
0 . 0 4 0 
1 . 0 0 0 
0 . 6 5 4 
1 . 0 0 0 
0 . 0 3 7 
1 . 0 0 0 
0 . 6 5 9 
1 . 0 0 0 
0 . 1 4 8 
1 . 0 0 0 
0 . 5 9 8 
1 . 0 0 0 
0 . 0 4 0 
1 . 0 0 0 
0 . 6 5 4 
1 . 0 0 0 
N 
T I M E * 
3 5 1 
2 6 7 
3 7 2 
2 8 8 
4A9 
2 5 3 
4 0 6 
3 0 9 
3 5 0 
2 6 2 
3 3 7 
2 8 6 
4 3 6 
2 7 6 
4 0 5 
2 7 3 
3 9 3 
2 8 7 
2 8 0 
2 7 5 
( 1 ) A N D ( 2 ) A R E G I V E N B Y : I N T E R E S T R A T E ( 1 ) ( 2 ) 
T 
0 0 . 0 7 5 0 . 0 7 5 
1 0 . 1 0 0 0 . 0 7 5 
2 0 . 1 2 5 0 . 0 7 5 
3 0 . 1 5 0 0 . 2 2 5 
4 0 . 1 7 5 0 . 2 2 5 
5 0 . 2 0 0 0 . 2 2 5 
6 0 . 2 2 5 0 . 2 2 5 
7 0 . 2 5 0 0 . 0 7 5 
• C P U S E C O N D S F O R C Y B E R 7 4 . 
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Table A-2. Results for Set B Given by the Non-Convex 
Nonlinear Programming Model. 
C a s e B . l . l B . 2 . 1 B . 3 . 1 B . 4 . 1 B . 5 : i B . 6 . 1 B . 7 . 1 
I n i t i a l 
R a t e 0 ^ 2 2 5 0 . 2 0 0 0 . 1 7 5 
0 . 1 2 5 0 . 0 7 5 0 . 1 5 0 0 . 1 0 0 
O b j . 
F u n c t i o n 8 2 6 9 4 8 2 5 6 1 8 2 7 3 9 8 2 7 3 3 8 2 7 3 8 8 2 6 7 1 8 2 5 4 2 
r b 0 0 . 0 6 9 0 0 . 0 6 9 1 0 . 0 6 9 1 0 . 0 6 9 1 0 . 0 6 9 1 0 . 0 6 9 0 0 . 0 6 9 0 
r b l 0 . 0 7 6 0 0 . 0 7 6 2 0 . 0 7 6 1 0 . 0 7 6 1 0 . 
0 7 6 1 0 . 0 7 5 9 0 . 0 7 5 8 
r b 2 0 . 0 8 0 6 0 . 0 8 1 7 0 . 0 8 1 2 0 . 0 8 1 2 0 . 0 8 1 4 0 . 0 8 0 0 0 . 0 7 9 4 
r b 3 0 . 0 8 8 9 0 . 0 9 3 0 0 . 0 9 1 2 0 . 0 9 1 3 0 . 0 9 1 9 0 . 0 8 6 9 0 . 0 8 5 0 
r b 4 0 . 1 2 0 0 0 . 1 3 2 0 0 . 1 2 6 3 0 . 1 2 6 6 0 . 1 2 8 6 0 . 1 1 5 5 0 . 1 2 0 1 
r b 5 0 . 1 1 8 3 0 . 1 3 1 6 0 . 1 2 5 0 0 . 1 2 5 4 0 . 1 2 7 6 0 . 1 1 3 7 0 . 1 1 8 3 
r b 6 0 . 0 5 3 1 0 . 0 5 3 1 0 . 0 5 3 1 0 . 0 5 3 1 0 . 0 5 3 1 0 . 0 5 3 1 0 . 0 5 3 1 
r b 7 0 . 0 5 3 1 0 . 0 5 3 1 0 . 0 5 3 1 0 . 0 5 3 1 0 . 0 5 3 1 0 . 0 5 3 1 0 . 0 5 3 1 
X l 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 0 . 0 0 1 0 . 0 0 7 0 . 0 0 1 0 . 0 0 5 
x 2 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
X 3 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
X 4 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
X 5 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 4 0 . 0 0 0 0 . 0 0 0 
X 6 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 
X 7 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
X 8 0 . 9 9 3 0 . 9 8 8 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
X 9 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 
X 1 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
N 4 9 2 4 6 9 3 9 9 3 8 6 3 3 7 3 8 6 4 5 9 
T i m e * 8 1 2 7 6 9 6 3 0 6 3 7 5 4 7 6 3 8 749 
•CPU s e c o n d s f o r CYBER 74. 
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Table A-3. Results for Set C Given by the Non-Convex 
Nonlinear Programming Model. 
C a s e C . l . l C . 2 . 1 C. 3 . 1 C . 4 . 1 C . 5 . 1 C . 6 . 1 
I n i t i a l 
R a t e ( 1 ) 0 . 1 5 0 . 1 0 0 . 2 0 ( 2 ) ( 3 ) 
O b j . 
F u n c t i o n 8 3 2 8 7 8 3 3 1 2 8 2 9 4 5 8 3 2 9 6 8 3 3 0 2 8 3 3 2 5 
r b 0 0 . 0 7 7 9 0 . 0 7 7 9 0 . 0 7 7 9 0 . 0 7 7 9 0 . 0 7 7 9 0 . 0 7 7 9 
r b l 0 . 0 8 2 6 0 . 0 8 2 6 0 . 0 8 2 7 0 . 0 8 2 6 0 . 0 8 2 6 0 . 0 8 2 5 
r b 2 0 . 0 8 6 7 0 . 0 8 6 9 0 . 0 8 6 7 0 . 0 8 6 9 0 . 0 8 6 9 0 . 0 8 6 4 
r b 3 0 . 0 9 5 7 0 . 0 9 6 4 0 . 0 9 5 0 0 . 0 9 6 7 0 . 0 9 6 7 0 . 0 9 4 5 
r b 4 0 . 1 2 2 3 0 . 1 2 6 7 0 . 1 3 0 4 0 . 1 2 7 5 0 . 1 2 7 4 0 . 1 2 0 3 
r b 5 0 . 1 2 1 7 0 . 1 2 4 2 0 . 1 2 9 0 0 . 1 2 5 0 0 . 1 2 4 9 0 . 1 1 7 8 
r b 6 0 . 0 6 7 9 0 . 0 6 7 9 0 . 0 6 7 9 0 . 0 6 7 9 0 . 0 6 7 9 0 . 0 6 7 9 
r b 7 0 . 0 6 7 9 0 . 0 6 7 9 0 . 0 6 7 9 0 . 0 6 7 9 0 . 0 6 7 9 0 . 0 6 7 9 
X l 0 . 0 1 8 0 . 0 1 9 0 . 0 1 5 0 . 0 2 0 0 . 0 2 0 0 . 0 1 6 
x 2 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
x 3 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
X 4 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
X 5 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 
X 6 0 . 0 0 0 0 . 0 0 0 0 . 0 2 8 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 
X 7 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
X 8 1 . 0 0 0 1 . 0 0 0 0 . 9 9 7 o . 9 9 7 1 . 0 0 0 1 . 0 0 0 
X 9 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 
X 1 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
N 3 3 5 3 3 6 3 9 9 3 5 4 3 6 9 3 6 8 
T i m e * 5 0 2 4 0 2 6 3 4 5 2 5 5 3 8 555 
( 1 ) , ( 2 ) , a n d ( 3 ) a r e g i v e n b y : I n i t i a l R a t e ( 1 ) ( 2 ) ( 3 ) 
t 0 . 1 5 0 . 4 0 0 0 . 0 7 5 
0 0 . 3 0 0 . 1 5 0 0 . 1 5 0 
1 0 . 1 0 0 . 4 0 0 0 . 2 2 5 
2 0 . 1 5 0 . 4 0 0 0 . 3 0 0 
3 0 . 3 0 0 . 1 2 5 0 . 3 0 0 
4 0 . 1 0 0 . 2 0 0 0 . 2 2 5 
5 0 . 1 5 0 . 3 5 0 0 . 1 5 0 
6 0 . 3 0 0 . 4 5 0 0 . 0 7 5 
*CPU s e c o n d s f o r CYBER 7 4 . 
1 Q 4 
T A B L E A - 4 . B O R R O W I N G A N D L E N D I N G A C T I V I T I E S , E Q U I T Y , 
D E B T - E Q U I T Y R A T I O , A N D B O R R O W I N G I N T E R E S T R A T E S 
F O R S E T A G I V E N B Y the N O N - C O N V E X . 
C a a a t 0 1 2 3 4 5 ( 7 
v t - - - - - - - 3 9 4 9 2 
" t ( 6 9 7 1 2 4 5 8 1 6 1 1 6 1 8 3 0 9 2 ( 6 4 6 
3 0 0 4 4 ( 5 -A . 1 . 1 E t 5 0 0 0 0 3 8 8 1 5 3 4 5 3 0 3 1 6 0 3 2 1 4 7 6 1 7 1 5 8 2 6 2 -
V E t 0 . 1 3 3 9 0 . 3 2 0 9 0 . 4 6 6 7 0 . 5 7 9 3 1 . 2 4 0 7 1 . 7 5 1 0 0 . 2 4 8 0 -I R 0 . 0 5 8 2 0 . 0 6 5 2 0 . 0 7 0 8 4 0 . 0 7 5 0 0 . 1 0 0 0 0 . 1 1 0 3 0 . 0 6 2 6 0 . 0 5 3 1 
» t - - - - - - - 3 9 4 9 3 w
t 
6 6 9 7 1 2 4 5 9 1 6 1 1 8 1 8 3 0 8 2 6 6 4 6 3 0 0 5 1 70 -A . 2 . 1 « t 5 0 0 0 0 3 8 8 1 4 3 4 5 2 8 3 1 6 0 5 2 1 4 7 6 1 7 1 4 9 21(39 -w t / E t 0 . 1 3 3 9 0 . 3 2 0 9 0 . 4 6 6 S 0 . 5 7 9 2 1 . 2 4 0 7 1 . 7 5 2 3 0 . 0 0 3 2 -I R 0 . 0 5 8 2 0 . 0 6 5 2 0 . 0 7 0 8 0 . 0 7 5 0 0 . 1 0 0 0 0 . 1 1 9 3 0 . 0 5 3 2 0 . 0 5 3 1 
v t - - - - - - 1 5 2 3 9 4 8 4 
w t 6 7 1 7 - 1 2 3 8 8 1 6 0 9 8 1 8 7 9 1 2 7 1 5 1 2 9 7 0 5 - -A . 3 . 1 E t 5 0 0 0 0 3 8 9 1 2 3 4 5 7 1 3 1 0 9 0 2 0 8 8 0 1 7 6 3 4 - -w t / E t 0 . 1 3 4 3 0 . 3 1 8 4 0 . 4 6 5 7 0 . 6 0 4 4 1 . 3 0 0 3 1 . 6 8 4 5 - -I R 0 . 0 5 6 1 0 . 0 6 5 1 0 . 0 7 0 7 0 . 0 7 5 9 0 . 1 0 2 2 0 . 1 1 6 7 0 . 0 5 3 1 0 . 0 5 3 1 
v t - - - - - - 3 9 4 9 3 
w t 6 6 9 7 1 2 4 5 8 1 6 1 1 6 1 8 3 0 9 2 6 6 4 6 3 0 0 4 4 6 5 -A . 4 . 1 E t 5 0 0 0 0 3 8 8 1 5 3 4 5 3 0 3 1 6 0 3 2 1 4 7 6 1 7 1 5 8 3 3 7 0 7 -w t / E t 0 . 1 3 3 9 0 . 3 2 1 0 0 . 4 6 6 7 0 . 5 7 9 3 1 . 2 4 0 7 1 . 7 5 1 0 0 . 0 0 1 9 -I R 0 . 0 5 8 2 0 . 0 6 5 2 0 . 0 7 0 8 0 . 0 7 5 0 0 . 1 0 0 0 0 . 1 1 0 3 0 . 0 5 3 2 0 . 0 5 3 1 
v t - - - - - - 5 1 0 3 9 4 8 2 
W t 6 6 9 6 1 2 2 7 5 1 5 8 5 4 1 8 5 5 9 2 6 7 3 9 2 9 1 4 4 - -A . S . I E t 5 0 0 0 3 9 0 1 2 3 4 6 1 7 3 1 3 2 5 2 1 3 6 1 1 8 3 4 4 - -w t / E t 0 . 1 3 3 9 0 . 3 1 4 6 0 . 4 5 5 4 0 . 5 9 2 5 1 . 2 5 1 8 1 . 5 8 8 7 - -I R 0 . 0 5 8 2 0 . 0 6 5 0 0 . 0 7 0 3 0 . 0 7 5 5 0 . 1 0 0 4 0 . 1 1 3 1 0 . 0 5 3 1 0 . 0 5 3 1 
v t - - - - - - - 3 9 4 9 3 
w t 6 6 9 7 1 2 4 5 9 1 6 1 1 8 1 8 3 0 8 2 6 6 4 6 3 0 0 5 1 70 -A . 6 . 1 E t 5 0 0 0 0 3 8 8 1 4 3 4 5 2 8 3 1 6 0 5 2 1 4 7 6 1 7 1 4 9 2 1 6 3 9 -w t / E t 0 . 1 3 3 9 0 . 3 2 1 0 0 . 4 6 6 8 0 . 5 7 9 3 1 . 2 4 0 7 1 . 7 5 2 3 0 . 0 0 3 2 -I R 0 . 0 5 8 2 0 . 0 6 5 2 0 . 0 7 0 8 0 . 0 7 5 0 0 . 1 0 0 0 0 . 1 1 9 3 0 . 0 5 3 2 0 . 0 5 3 1 
V t - - - - - - - 3 9 4 9 5 
w t 6 6 9 6 1 2 4 3 9 1 6 0 8 3 1 8 3 0 8 2 6 6 2 3 2 9 9 5 1 4 -A . 7 . 1 E t 5 0 0 0 0 3 8 8 3 4 3 4 5 6 4 3 1 6 0 3 2 1 5 0 2 1 7 2 8 0 1 4 -
V E t 0 . 1 3 3 9 0 . 3 2 0 3 0 . 4 6 5 3 0 . 5 7 9 3 1 . 2 3 8 7 1 . 7 3 3 3 0 . 2 8 5 7 -I R 0 . 0 5 8 2 0 . 0 6 5 2 0 . 0 7 0 3 0 . 0 7 5 0 0 . 0 9 9 9 0 . 1 1 8 6 0 . 0 6 3 9 0 . 0 5 3 1 
V t . _ . _ _ _ 3 9 4 8 9 
"t 6 6 9 7 1 2 4 5 8 1 6 1 1 5 1 8 3 1 0 2 6 6 4 5 3 0 0 4 4 6 7 -A . B . I E t 5 0 0 0 0 3 8 8 1 5 3 4 5 3 0 3 1 6 0 3 2 1 4 7 6 1 7 1 5 8 202 -w t / E t 0 . 1 3 3 9 0 . 2 4 9 2 0 . 4 6 6 7 0 . 5 7 9 4 1 . 2 4 0 7 1 . 7 5 1 0 0 . 3 3 1 7 -I R 0 . 0 5 8 3 0 . 0 6 5 2 0 . 0 7 0 3 0 . 0 7 5 0 0 . 1 0 0 0 0 . 1 1 9 2 0 . 0 6 5 8 0 . 0 5 3 1 
V t - - - - - - 5 3 9 4 5 3 
W t 6 7 4 6 1 2 4 2 7 1 6 2 6 8 1 9 2 6 9 2 7 7 7 9 2 9 9 1 0 - -A . 9 . 1 E t 5 0 0 0 3 8 9 0 1 3 4 4 1 6 3 0 5 8 7 2 0 1 3 6 1 7 3 9 6 - -0 . 1 3 4 9 0 . 3 1 9 5 0 . 4 7 2 7 0 . 6 3 0 0 1 . 3 7 9 6 1 . 7 1 9 4 - -I R 0 . 0 5 B 3 0 . 0 6 5 2 0 . 0 7 0 9 0 . 0 7 6 9 0 . 1 0 5 2 0 . 1 1 8 1 0 . 0 5 3 1 0 . 0 5 3 1 
v t - - - - - - - 3 9 4 9 3 
W t ( 6 0 5 1 2 4 4 0 1 6 0 8 4 1 8 3 0 8 2 6 6 2 3 2 9 9 5 6 • -A . 1 0 . 1 E t 5 0 0 0 0 3 8 8 3 3 3 4 5 6 3 3 1 6 0 4 2 1 5 0 2 1 7 2 7 4 1 -l f t / E t 0 . 1 3 3 9 0 . 3 2 0 3 0 . 4 6 5 4 0 . 5 7 9 3 1 . 2 3 8 2 1 . 7 3 4 2 • -I R 0 . 0 5 8 2 0 . 0 6 5 2 0 . 0 7 0 7 0 . 0 7 5 0 0 . 0 9 9 0 0 . 1 1 8 6 0 . 2 1 5 3 0 . 0 5 3 1 
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Table A-5. Borrowing and Lending Activities, Equity, 
Debt-Equity Ratio, and Borrowing Interest Rates 
for Set B Given by the Non-Convex Model. 
C a s e t 0 1 to
 
3 4 5 6 7 
v t - - - - - - 5 8 5 8 8 2 6 9 4 
w t 
2 1 0 8 7 2 4 7 6 9 2 7 3 8 5 3 1 1 4 3 3 9 9 3 0 3 9 0 3 0 - -
B . 1 . . 1 E t 5 0 0 0 0 4 0 9 2 8 3 7 6 8 8 
3 2 8 6 8 2 2 2 1 5 2 2 6 3 2 7 1 8 7 2 -
V E t 0 . 4 2 1 7 0 . 6 0 5 2 0 . 7 2 6 6 0 . 9 4 7 5 1 . 7 7 0 4 1 . 7 2 4 5 - -
I R 0 . 0 6 9 0 0 . 0 7 6 0 0 . 0 8 0 6 0 . 0 8 8 9 0 . 1 2 0 0 0 . 1 1 8 3 0 . 0 5 3 1 0 . 0 5 3 1 
v t - - - - - - 3 4 7 4 8 2 5 6 1 
W t 
2 1 1 4 8 2 4 9 0 7 ' 2 7 9 9 4 3 2 7 5 9 4 1 1 6 1 4 1 1 0 5 - -
B . 2 . . 1 E
t 
5 0 0 0 0 4 0 8 0 5 3 7 0 2 9 3 1 0 0 2 1 9 7 1 4 1 9 7 9 5 6 9 4 2 3 -
V E t 0 . 4 2 3 0 0 . 6 1 0 4 0 . 7 5 6 0 1 . 0 5 6 7 2 . 0 8 7 9 2 . 0 7 6 5 - -
I R 0 . 0 6 9 1 0 . 0 7 6 2 0 . 0 8 1 7 0 . 0 9 3 0 0 . 1 3 2 0 0 . 1 3 1 6 0 . 0 5 3 1 0 . 0 5 3 1 
v t - - - - - - 4 6 0 3 8 2 7 3 9 
W t 
2 1 1 2 9 2 4 8 4 6 2 7 7 2 8 3 2 0 6 1 4 0 3 5 6 4 0 1 6 4 - -
B . 3 . . 1 
E t 5 0 0 0 0 4 0 8 5 0 3 7 3 0 8 3 1 8 0 3 2 0 8 3 3 2 1 1 0 1 7 0 5 7 5 -
V E t 0 . 4 2 2 6 0 . 6 0 8 2 0 . 7 4 3 2 1 . 0 0 8 1 1 . 9 3 7 1 1 . 9 0 3 4 - -
I R 0 . 0 6 9 1 0 . 0 7 6 1 0 . 0 8 1 2 0 . 0 9 1 2 0 . 1 2 6 3 0 . 1 2 5 0 0 . 0 5 3 1 0 . 0 5 3 1 
v t - - - - - - 4 5 3 9 8 2 7 3 3 
W t 
2 1 1 3 0 2 4 8 5 2 2 7 7 4 5 3 2 1 0 2 4 0 4 0 5 . 4 0 2 2 1 - -
B . 4 . . 1 
E t 
5 0 0 0 0 4 0 8 4 8 3 7 2 9 3 3 1 7 5 8 2 0 7 6 8 2 1 0 2 5 7 0 5 1 1 -
V E t 0 . 4 2 2 6 0 . 6 0 8 4 0 . 7 4 4 0 1 . 0 1 0 8 1 . 9 4 5 5 1 . 9 1 3 0 - -
I R 0 . 0 6 9 1 0 . 0 7 6 1 0 . 0 8 1 2 0 . 0 9 1 3 0 . 1 2 2 6 0 . 1 2 5 4 0 . 0 5 3 1 0 . 0 5 3 1 
V t - - - - - - 6 8 4 2 8 2 7 3 8 
W t 2 1 0 9 4 2 4 7 2 1 
2 7 0 6 7 3 0 2 5 4 3 8 4 9 0 3 8 1 3 2 - -
B . 5 . . 1 
E t 5 0 0 0 0 4 0 9 5 2 3 8 0 1 7 3 3 8 6 9 2 3 3 1 5 2 3 7 8 2 7 2 8 6 7 -
W t / E t 0 . 4 2 1 9 0 . 6 0 3 7 0 . 7 1 2 0 0 . 8 9 3 3 1 . 6 5 0 0 1 . 6 0 3 4 - -
I R 0 . 0 6 9 0 0 . 0 6 5 9 0 . 0 8 0 0 0 . 0 8 6 9 0 . 1 1 5 5 0 . 1 1 3 7 0 . 0 5 3 1 0 . 0 5 3 1 
v t - - - - - - 4 1 4 9 8 2 6 7 1 
W t 2 1 1 3 7 
2 4 8 7 2 2 7 8 3 8 3 2 3 4 8 4 0 6 8 6 4 0 5 4 8 - -
B . 6 . , 1 
E t 5 0 0 0 0 4 0 8 3 1 3 7 1 9 2 3 1 4 7 4 2 0 3 7 9 2 0 5 7 7 7 0 1 1 4 -
V E t 0 . 4 2 2 7 0 . 6 0 9 1 0 . 7 4 8 5 1 . 0 2 7 8 1 . 9 9 6 5 1 . 9 7 0 5 - -
I R 0 . 0 6 9 1 0 . 0 7 6 1 0 . 0 8 1 4 0 . 0 9 1 9 0 . 1 2 8 6 0 . 1 2 7 6 0 . 0 5 3 1 0 . 0 5 3 1 
V t - - - - - - 8 1 0 8 8 2 5 4 2 
W t 
2 1 0 5 2 2 4 6 2 0 - 2 6 7 0 8 2 9 3 8 0 3 7 3 3 0 3 6 9 1 7 - -
B . . 7 . 1 
E t 5 0 0 0 0 4 1 0 2 9 3 8 3 7 9 3 4 8 3 3 2 4 7 7 7 2 5 3 0 2 7 4 1 4 8 -
V E t 0 . 4 2 1 0 0 . 6 0 0 1 0 . 6 9 5 9 0 . 8 4 3 5 1 . 5 0 6 6 1 . 4 5 9 1 - -
I R 0 . 0 6 9 0 0 . 0 7 5 8 0 . 0 7 9 4 0 . 0 8 5 0 0 . 1 2 0 1 0 . 1 1 8 3 0 . 0 5 3 1 0 . 0 5 3 1 
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Table A-6. Borrowing and Lending Activities, Equity, 
Debt-Equity Ratio, and Borrowing Interest Rates 
for Set C Given by the Non-Convex Model. 
C a s e t 0 1 2 3 4 5 6 7 
v
t 
- - - - - - 806 82945 
W t 21290 25400 28905 34174 44175 43991 - -
C.l, .1 E t 50000 40453 36242 29732 16677 16987 67004 -VEt 0.4258 0.6279 0.7976 1.1494 2.6489 2.5897 - -
IR 0.0779 0.0827 0.0867 0.0905 0.1304 0.1290 0.0679 0.0679 
v t - - - - - - 1975 83312 
W t 21195 25235 28966 34875 43545 43115 - -
C.2, .1 E t 50000 40525 36063 28806 17486 18076 68130 -
W t / E t 0.4239 0.6227 0.8032 1.2106 2.4903 2.3852 - -
IR 0.0779 0.0826 0.0860 0.0964 0.1267 0.1242 0.0679 0.0679 
v t - - - - - - 2500 83287 
W t 21184 25201 28808 34477 43112 42639 - -
C.3. .1 E t 50000 40551 36205 29259 18068 18707 68673 -VEt 0.4237 0.6215 0.7957 1.1783 2.3046 2.2793 - -
IR 0.0779 0.0826 0.0867 0.0857 0.1223 0.1217 0.0679 0.0679 
v t - - - - - - 1806 83296 
. w t 21193 25235 29002 34984 43675 43260 - -
C.4. .1 E t 50000 40525 36021 28676 17301 17876 67949 -VEt 0.4239 0.6227 0.8051 1.2200 2.5244 2.4200 - -
IR 0.0779 0.0826 0.0869 0.0967 0.1275 0.1250 0.0679 0.0679 
V t - - - - - - 1822 83302 
W t 21198 25246 29007 34980 43664 43250 - -
C.5. ,1 E t 50000 40519 36002 28688 17324 17897 67973 -VEt 0.4240 0.6231 0.8057 1.2193 2.5204 2.4166 - -
IR 0.0779 0.0826 0.0869 0.0967 0.1274 0.1249 0.0679 0.0679 
V t - - - - - - 3417 83325 
W t 21164 25142 28560 33818 42351 41803 - -
C.6. 1 E t 50000 40596 36483 29996 19065 19686 69618 -VEt 0.4233 0.6193 0.7828 1.1274 2.2214 2.1128 - -
IR 0.0779 0.0825 0.0864 0.0945 0.1203 0.1178 0.0679 0.0679 
Table A-7. Results for Set A Given by the Convex Nonlinear Programming Model. 
C a s e A . 1 . 2 A . 2 . 2 A . 3 . 2 A . 4 . 2 A . 5 . 2 A . 6 . 2 A . 7 . 2 A . 8 . 2 A . 9 . 2 A . 1 0 . 2 
I n i t i a l 
R a t e 0 . 1 0 0 0 . 1 2 5 0 . 1 5 0 0 . 1 7 5 0 . 2 0 0 0 . 2 2 5 0 . 2 5 0 ( 1 ) ( 2 ) (3 ) 
O b j . 
F u n c t i o n 5 0 5 3 0 5 0 5 2 5 5 0 5 2 9 5 0 5 3 0 5 0 5 3 0 5 0 5 2 9 5 0 5 3 1 5 0 5 2 8 5 0 5 2 9 5 0 5 2 9 
r b 0 0 . 0 5 9 1 5 0 . 0 5 9 2 0 0 . 0 5 9 1 5 0 . 0 5 9 1 8 0 . 0 5 9 1 6 0 . 0 5 9 1 8 0 . 0 5 9 1 4 0 . 0 5 9 1 9 0 . 0 5 9 1 8 0 . 0 5 9 1 4 
r b l 0 . 0 6 6 3 4 0 . 0 6 6 3 0 0 . 0 6 6 3 2 0 . 0 6 6 3 1 0 . 0 6 6 3 4 0 . 0 6 6 3 5 0 . 0 6 6 3 3 0 . 0 6 6 3 6 0 . 0 6 6 3 2 0 . 0 6 6 3 4 
r b 2 0 . 0 7 4 5 4 0 . 0 7 4 5 1 0 . 0 7 4 5 1 0 . 0 7 4 5 4 0 . 0 7 4 5 5 0 . 0 7 4 5 6 0 . 0 7 4 5 3 0 . 0 7 4 5 6 0 . 0 7 4 5 5 0 . 0 7 4 5 6 
r b 3 0 . 0 7 9 5 1 0 . 0 7 9 5 6 0 . 0 7 9 5 2 0 . 0 7 9 5 4 0 . 0 7 9 5 1 0 . 0 7 9 5 2 0 . 0 7 9 5 3 0 . 0 7 9 5 1 0 . 0 7 9 5 2 0 . 0 7 9 5 2 
r b 4 0 . 0 9 2 5 7 0 . 0 9 2 5 7 0 . 0 9 2 5 9 0 . 0 9 2 5 8 0 . 0 9 2 5 7 0 . 0 9 2 5 8 0 . 0 9 2 5 8 0 . 0 9 2 5 9 0 . 0 9 2 5 7 0 . 0 9 2 5 7 
r b 5 0 . 0 9 1 3 4 0 . 0 9 1 3 0 0 . 9 1 3 3 0 0 . 0 9 1 3 1 0 . 0 9 1 3 2 0 . 0 9 1 3 3 0 . 0 9 1 3 2 0 . 0 9 1 3 3 0 . 0 9 1 3 6 0 . 0 9 1 3 6 
r b 6 0 . 0 5 7 6 0 0 . 0 5 7 1 0 0 . 0 5 7 0 5 0 . 0 5 7 0 3 0 . 0 5 7 0 4 0 . 0 5 7 0 7 0 . 0 5 7 0 3 0 . 0 5 7 0 1 0 . 0 5 7 0 6 0 . 0 5 7 0 7 
r b 7 0 . 0 5 3 1 0 0 . 0 5 3 1 0 0 . 0 5 3 1 0 0 . 0 5 3 1 0 0 . 0 5 3 1 0 0 . 0 5 3 1 0 0 . 0 5 3 1 0 0 . 0 5 3 1 0 0 . 0 5 3 1 0 0 . 0 5 3 1 0 
X l 1 . 0 0 0 
1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
X 2 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
X 3 1 . 0 0 0 
1 . 0 0 0 1 . 000 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
X 4 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
N 4 0 6 4 0 7 4 4 0 4 6 4 4 5 3 4 4 7 4 9 0 4 7 1 4 7 4 5 0 6 
T i m e * 1 6 7 1 6 5 1 7 9 1 8 9 1 8 0 1 8 4 1 9 5 1 9 6 1 9 9 2 0 5 









0 . 3 0 0 
0 . 1 7 5 
0 . 2 5 0 
0 . 1 2 5 
0 . 2 0 0 
0 . 0 7 5 
0 . 1 5 0 
0 . 0 5 3 
0 . 2 5 0 
0 . 2 2 5 -
0 . 2 0 0 
0 . 1 7 5 
0 . 1 5 0 
0 . 1 2 5 
0 . 1 0 0 
0 . 0 7 5 
0 . 4 0 0 
0 . 0 7 5 
0 . 3 5 0 
0 . 2 2 5 
0 . 0 6 0 
0 . 2 5 0 
0 . 1 0 0 
0 . 1 5 0 
*CPU s e c o n d s f o r CYBER 7 4 . I-" 
O 
Table A-8. Results for Set B Given by the Convex 
Nonlinear Programming Model. 
C a s e B . 1 . 2 B . 2 . 2 B . 3 . 2 B . 4 . 2 B . 5 . 2 B . 6 . 2 B . 7 . 2 
I n i t i a l 
R a t e 0 . 1 2 5 0 . 0 7 5 0 . 1 0 0 0 . 1 5 0 0 . 2 0 0 ( 1 ) 
0 . 2 2 5 
O b j . 
F u n c t i o n 1 1 1 6 4 1 1 1 1 9 8 1 1 1 1 6 4 2 1 1 1 8 7 1 1 1 1 8 1 2 1 1 1 4 8 2 1 1 1 6 4 1 
r b 0 0 . 0 7 3 2 0 . 0 7 4 4 0 . 0 7 3 2 0 . 0 7 5 0 0 . 0 7 3 5 0 . 0 7 2 9 0 . 0 7 3 2 
r b l 0 . 0 8 1 2 0 . 0 8 3 6 0 . 0 8 1 2 0 . 0 8 5 0 0 . 0 8 1 9 0 . 0 8 0 4 0 . 0 8 1 2 
r b 2 0 . 0 9 1 2 0 . 0 9 3 9 0 . 0 9 1 2 0 . 0 9 5 4 0 . 0 9 2 0 0 . 0 9 0 4 0 . 0 9 1 2 
r b 3 0 . 1 1 2 9 0 . 1 1 7 1 0 . 1 1 2 9 0 . 1 1 9 5 0 . 1 1 4 1 0 . 1 1 1 6 0 . 1 1 2 9 
r b 4 0 . 1 2 9 9 0 . 1 3 6 0 0 . 1 2 9 9 0 . 1 3 9 6 0 . 1 3 1 7 0 . 1 2 8 1 0 . 1 2 9 9 
r b 5 0 . 1 3 4 4 0 . 1 4 4 1 0 . 1 3 4 4 0 . 1 4 9 8 0 . 1 3 7 2 0 . 1 3 1 4 0 . 1 3 4 4 
r b 6 0 . 0 8 1 3 0 . 0 8 6 3 0 . 0 8 1 3 0 . 0 8 9 3 0 . 0 8 2 7 0 . 0 7 9 9 0 . 0 8 1 3 
r b 7 0 . 0 5 3 1 0 . 0 5 3 1 0 . 0 5 3 1 0 . 0 5 3 1 0 . 0 5 3 1 0 . 0 5 3 1 0.. 0 5 3 1 
X l 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
x 2 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
X 3 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
x 4 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
X 5 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 
x 6 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
x 7 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
X 8 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
X 9 0 . 4 1 1 0 . 5 6 3 0 . 4 1 1 0 . 6 5 2 0 . 4 5 5 0 . 3 6 4 0 . 4 1 1 
x 1 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
N 4 4 0 4 9 1 4 0 3 4 0 5 4 4 5 5 3 2 4 7 4 
T i m e 4 3 6 5 2 2 4 1 8 4 9 2 4 5 1 5 3 8 5 0 0 
( 1 ) i s g i v e n b y : I n t e r e s t R a t e ( 1 ) 
t 
0 0 . 4 0 0 
1 0 . 0 7 5 
2 0 . 2 2 5 
3 0 . 3 0 0 
4 0 . 4 0 0 
5 0 . 1 5 0 
6 0 . 2 5 0 
7 0 . 1 0 0 
*CPU s e c o n d s f o r CYBER 7 4 . 
Table A-9. Results for Set C Given by the Convex 
Nonlinear Programming Model. 
C a s e C . 1 . 2 C . 2 . 2 C . 3 . 2 C . 4 . 2 C . 5 . 2 C . 6 . 2 
I n i t i a l 
R a t e ( 1 ) ( 2 ) ( 3 ) 0 . 2 2 5 0 . 1 7 5 0 . 1 2 5 
O b j . 
F u n c t i o n 1 2 0 2 9 2 1 2 0 8 6 7 1 2 0 3 0 9 1 2 0 8 6 3 1 2 0 5 2 4 1 2 0 8 6 3 
r b 0 0 . 0 8 2 3 0 . 0 8 3 2 0 . 0 8 2 9 0 . 0 8 3 1 0 . 0 8 3 0 0 . 0 8 3 1 
r b l 0 . 0 9 1 3 0 . 0 9 1 3 0 . 0 8 9 6 0 . 0 9 1 0 0 . 0 9 0 9 0 . 0 9 1 0 
r b 2 0 . 0 9 8 3 0 . 0 9 9 9 0 . 0 9 6 9 0 . 0 9 8 1 0 . 0 9 7 8 0 . 0 9 8 1 
r b 3 0 . 1 1 5 7 0 . 1 1 8 7 0 . 1 1 4 1 0 . 1 1 4 9 0 . 1 1 4 7 0 . 1 1 4 9 
r b 4 0 . 1 3 0 4 0 . 1 3 3 6 0 . 1 2 8 7 0 . 1 2 9 4 0 . 1 2 9 0 0 . 1 2 9 4 
r b 5 0 . 1 4 0 6 0 . 1 4 4 9 0 . 1 3 7 5 0 . 1 3 9 1 0 . 1 3 8 6 0 . 1 3 9 1 
r b 6 0 . 0 9 4 3 0 . 0 9 7 5 0 . 0 9 2 9 0 . 0 9 3 4 0 . 0 9 3 2 0 . 0 9 3 4 
r b 7 0 . 0 6 7 9 0 . 0 6 7 9 0 . 0 6 7 9 0 . 0 6 7 9 0 . 0 6 7 9 0 . 0 6 7 9 
X l 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
x 2 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
x 3 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
x 4 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
x 5 0 . 0 0 0 0 . 0 0 0 0 . 0 0 2 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 
x 6 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
x ? 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
x 8 0 . 9 9 9 1 . 0 0 0 0 . 9 8 2 0 . 9 9 7 1 . 0 0 0 0 . 9 9 7 
X 9 0 . 9 9 8 1 . 0 0 0 0 . 7 3 1 0 . 9 6 8 0 . 9 5 0 0 . 9 6 8 
x 1 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
N 384 4 3 6 3 6 1 3 9 6 5 0 1 3 4 5 
T i m e * 3 6 2 4 2 2 3 5 9 4 1 8 4 9 2 356 
( 1 ) , ( 2 ) , a n d ( 3 ) a r e g i v e n b y : 
I n t e r e s t 
4. 

















0 6 7 9 
0 6 7 9 
0 6 7 9 
3 0 0 0 
3 0 0 0 
3 0 0 0 
0 7 5 0 
0 7 5 0 
0 . 2 2 5 
0 . 2 2 5 
0 . 1 7 5 
0 . 1 7 5 
0 . 1 2 5 
0 . 1 2 5 
0 . 0 7 5 
0 . 0 7 5 
0 . 0 7 5 
0 . 0 7 5 
0 . 1 2 5 
0 . 1 2 5 
0 . 1 7 5 
0 . 1 7 5 
0 . 2 2 5 
0 . 2 2 5 
*CPU s e c o n d s f o r CYBER 7 4 . 
T a b l e A-10. B o r r o w i n g and L e n d i n g A c t i v i t i e s , E q u i t y , 
D e b t - E q u i t y R a t i o , and B o r r o w i n g I n t e r e s t 
R a t e s f o r S e t A G i v e n by t h e Convex M o d e l 
Caa« 0 1 2 3 4 5 6 7 
v
t 
- - - - - • - - 5 0 5 3 0 
w t 7 9 9 9 1 7 4 7 2 2 8 3 3 1 3 4 9 4 1 5 2 2 1 9 5 0 5 5 5 5 1 7 3 -
A . 1 . 2 = t 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 
5 0 0 0 0 
w t / E t 0 . 1 5 9 9 0 . 3 4 9 4 0 . 5 6 6 6 0 . 6 9 8 8 1 . 0 4 4 3 1 . 0 1 1 1 0 . 1 0 3 S -
I R 0 . 0 5 9 1 0 . 0 6 6 3 0 . 0 7 4 5 0 . 0 7 9 5 0 . 0 9 2 7 0 . 0 9 1 3 0 . 0 5 7 0 0 . 0 5 3 1 
V t - - - - - - - -
W t 7 9 9 9 1 7 4 6 9 2 8 3 2 3 3 4 9 3 6 5 2 2 0 9 5 0 5 3 8 5 1 6 6 -
A . 2 . 2 E t 5 0 0 0 0 50000 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 
W t / E t 0 . 1 5 9 9 0 . 3 4 9 3 0 . 5 6 6 4 6 . 6 0 8 7 1 . 0 4 4 1 1 . 0 1 0 7 0 . 1 0 3 3 -
I R 0 . 0 5 9 2 0 . 0 6 6 3 0 . 0 7 4 5 0 . 0 7 9 5 0 . 0 9 2 7 0 . 0 9 1 3 0 . 0 5 7 1 0 . 0 5 3 1 
v t - - - - - - - 5 0 5 2 9 
W t 8 0 0 0 1 . 7 473 2 8 3 3 2 3 4 9 4 3 5 2 2 2 2 5 0 5 5 7 5 1 7 5 -
A . 3 . 2 • t 5 0 0 0 0 5 0 0 0 0 
5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 
w t / E t 0 . 1 5 9 9 0 . 3 4 9 5 0 . 5 6 6 6 0 . 6 2 8 9 1 . 0 1 1 1 0 . 1 0 3 5 -
I R 0 . 0 5 9 1 3 0 . 0 6 6 3 0 . 0 7 4 5 0 . 0 7 9 5 0 . 0 9 2 5 0 . 0 9 1 3 0 . 0 5 7 0 0 . 0 5 3 1 
v t - - - - - - - 5 0 5 3 0 
w t 7 9 9 9 1 7 4 7 2 2 8 3 3 0 3 4 9 4 0 5 2 2 1 8 5 0 5 5 3 5 1 7 2 -
A . 4 . 2 E t 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 
V E t 0 . 1 5 9 9 0 . 3 4 9 4 0 . 5 6 6 6 0 . 6 9 8 8 1 . 0 4 4 4 1 . 0 1 1 1 0 . 1 0 3 4 -
I R 0 . 0 5 9 1 0 . 0 6 6 3 0 . 0 7 4 5 0 . 0 7 9 5 0 . 0 9 2 5 0 . 0 9 1 3 0 . 0 5 7 0 0 . 5 0 3 1 
v t - - - - - - - 5 0 5 3 0 
w t 7 9 9 9 1 7 4 7 2 2 8 3 3 1 3 4 9 4 1 5 2 2 1 9 5 0 5 5 5 5 1 7 3 -
A . 5 . 2 E t 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 
W t / E t 0 . 1 5 9 9 0 . 3 4 9 4 0 . 5 6 6 6 0 . 6 9 8 8 1 . 0 4 4 4 1 . 0 1 1 1 0 . 1 0 3 4 -
I R 0 . 0 5 9 1 0 . 0 6 6 3 0 . 0 7 4 5 0 . 0 7 9 5 0 . 0 9 1 3 0 . 0 9 3 2 0 . 0 5 7 0 0 . 0 5 3 1 
V t - - - - - - - -
W t 8 0 0 0 1 7 4 7 3 2 8 3 3 2 3 4 9 4 3 5 2 2 2 2 5 0 5 5 7 5 1 7 5 -
A . 6 . 2 E t 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 
W t / E t 0 . 1 5 9 9 0 . 3 4 9 5 0 . 5 6 6 6 0 . 6 9 8 9 1 . 0 4 4 4 1 . 0 1 1 1 0 . 1 0 3 4 -
I R 0 . 0 5 9 1 0 . 0 6 6 3 0 . 0 7 4 5 0 . 0 7 9 5 0 . 0 9 2 5 0 . 0 9 1 3 0 . 0 5 7 0 0 . 0 5 3 1 
V t - - - - - - - 5 0 5 3 1 
W t 7 9 9 9 1 7 4 7 3 2 8 3 3 1 3 4 9 4 3 5 2 2 2 1 5 0 5 5 6 5 1 7 3 -
A . 7 . 2 E t 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 
w t / E t 0 . 1 5 9 9 0 . 3 4 9 5 0 . 5 6 6 6 0 . 6 7 8 9 1 . 0 4 4 4 1 . 0 1 1 1 0 . 1 3 3 4 -
I R 0 . 0 5 9 1 0 . 0 6 6 3 0 . 0 7 4 5 0 . 0 7 9 5 0 . 0 9 2 5 0 . 0 9 1 3 0 . 0 5 7 0 0 . 0 5 3 1 
V t - - - _ _ _ _ 5 0 5 2 8 
W t 8 0 0 0 1 7 4 7 3 2 8 8 3 1 3 4 9 4 2 5 2 2 2 0 5 0 5 5 6 5 1 7 5 -
A . 8 . 2 E t 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 
w t / E t 0 . 1 5 9 9 0 . 3 4 9 5 0 . 5 6 6 6 0 . 6 9 8 8 1 . 0 4 4 4 1 . 0 1 1 1 0 . 1 0 3 4 -
I R 0 . 0 5 9 1 0 . 0 6 6 3 0 . 0 7 4 5 0 . 0 7 9 5 0 . 0 9 2 5 0 . 0 9 1 3 0 . 0 5 7 0 0 . 0 5 3 1 
V t - - - - - - - 5 0 5 2 9 
W t 7 9 9 9 1 7 4 7 2 2 8 3 3 0 3 4 9 4 1 5 2 2 1 9 5 0 5 5 3 5 1 7 3 -
A . 9 . 2 E t 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 
V E t 0 . 1 5 9 9 0 . 3 4 9 4 0 . 5 6 6 6 0 . 6 9 8 8 1 . 0 4 4 4 1 . 0 1 1 1 0 . 1 0 3 4 -
I R 0 . 0 5 9 1 0 . 0 6 6 3 0 . 0 7 4 5 0 . 0 7 9 5 0 . 0 9 8 5 0 . 0 9 1 3 0 . 0 5 7 0 0 . 0 5 3 1 
V t - - - - - - - 5 0 5 2 9 
W t 8 0 0 0 1 7 4 7 3 2 8 8 3 1 3 4 9 4 3 5 2 2 2 2 5 0 5 5 7 5 1 7 5 -
A . 1 0 . 2 E t 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 5 0 0 0 0 
V E t 0 . 1 5 9 9 0 . 3 4 9 5 0 . 5 6 6 6 0 . 6 9 8 9 1 . 0 4 4 4 1 . 0 1 1 1 0 . 1 0 3 4 -
I R 0 . 0 5 1 8 0 . 0 6 6 3 0 . 0 7 4 5 0 . 0 7 9 5 0 . 0 9 2 5 0 . 0 9 1 3 0 . 0 5 7 0 0 . 0 5 3 1 
T a b l e A - l l . B o r r o w i n g and L e n d i n g A c t i v i t i e s , E q u i t y , 
D e b t - E q u i t y R a t i o , and B o r r o w i n g I n t e r e s t 
R a t e s f o r S e t B G i v e n by t h e Convex M o d e l . 
Case t 0 1 2 3 4 5 6 7 
v t - - - - - - - 111641 
W t 26606 37167 50385 79087 101621 107538 37352 -
B.l, .2 E t 50000 -50000 50000 50000 50000 50000 50000 50000 
w t / E t 0.5325 0.7433 1.0077 1.5817 2.0324 2.1508 0.7470 -
IR 0.0732 0.0812 0.0912 0.1129 0.1299 0.1344 0.0813 0.0531 
v t - - - - - - - 111981 
w t 28134 40361 53935 84632 109675 120363 43900 -
B.2. .2 E t 50000 50000 50000 50000 50000 50000 50000 50000 
w t / E t 0.5627 0.8072 1.0787 1.6926 2.1935 2.4073 0.8780 -
IR 0.0744 0.0836 0.0939 0.1171 0.1360 0.1441 0.0863 0.0531 
vt - - - - - - - 111642 
w t 26607 37167 50385 79087 101622 107539 37353 -
B.2. ,3 E t 50000 50000 50000 50000 50000 50000 50000 50000 
w t / E t 0.5321 0.7433 1.0077 1.5817 2.0324 2.1508 0.7471 -
IR 0.0732 0.0812 0.0912 0.1129 0.1299 0.1344 0.0813 0.0531 
v t - - - - - - - 111871 
W t 29017 42211 55999 87861 114381 127879 47931 -
B.4. ,2 E t 50000 50000 50000 50000 50000 50000 50000 50000 
w t / E t 0.5803 0.8442 1.1200 1.7572 2.2876 2.5576 0.9586 -
IR 0.0750 0.0850 0.0954 0.1195 0.1396 0.1498 0.0893 0.0531 
v t - - - - - - - 111812 
W t 27047 38084 51401 80676 103910 111196 39155 -
B.5. ,2 E t 50000 50000 50000 50000 50000 50000 50000 50000 
w t / E t 0.5400 0.7617 1.0280 1.6135 2.0782 2.2239 0.7831 -
IR 0.0735 0.0819 0.0920 0.1141 0.1317 0.1372 0.0827 0.0531 
V t - - - - - - - 111482 
W t 26134 36173 49285 77376 99148 103616 35420 -
B.6. 2 E t 50000 50000 50000 50000 50000 50000 50000 50000 
w t / E t 0.5227 0.7235 0.9857 1.5475 1.9830 2.0723 0.7084 -
IR 0.0729 0.0804 0.0904 0.1116 0.1281 0.1314 0.0799 0.0531 
V t - - - - - - - 111641 
W t 26606 37167 50385 79037 101621 107538 37352 -
B.7. 2 E t 50000 50000 50000 50000 50000 50000 50000 50000 
w /E t t 0.5321 0.7433 1.0077 1.5817 2.0324 2.1508 0.7470 -
IR 0.0732 0.0812 0.0912 0.1129 0.1299 0.1344 0.0813 0.0531 
Table A-12. Borrowing and Lending Activities, Equity, 
Debt-Equity Ratio, and Borrowing Interest 
Rates for Set C Given by the Convex Model. 
Case t 0 1 2 3 4 5 6 7 
vt - - - - - - - 120292 
Wt 32481 49666 64411 101195 132382 154107 55872 -
C. 1. 2 Et 50000 - 50000 50000 50000 50000 50000 50000 50000 
V E t 0.6496 0.9933 1.2888 2.0230 2.6476 3.8210 1.1174 -
IR 0.0823 0.0913 0.0983 0.1157 0.1304 0.1406 0.0943 0.0679 
vt - - - - - - - 120867 
Wt 32500 49705 67712 107739 139216 163131 62684 -C. 2. 2 Et 50000 50000 50000 50000 50000 50000 50000 50000 
V E t 0.6500 0.9941 1.3542 2.1548 2.7843 3.2626 1.2536 -IR 0.0832 0.0913 0.0999 0.1187 0.1336 0.1449 0.0975 0.0679 
vt - - - - - - - 120309 
Wt 30773 46083 61484 97823 128818 147489 52906 -C. 3. 2 Et 50000 50000 50000 50000 50000 50000 50000 50000 
W t / E t 0.6155 0.9217 1.2297 1.9565 2.5764 2.9498 1.0581 -
IR 0.0824 0.0896 0.0969 0.1141 0.1287 0.1375 0.0929 0.0679 
vt - - - - - - - 120863 
Wt 32130 48973 63677 99637 130313 150912 53978 -C. 4. 2 Et 50000 50000 50000 50000 50000 50000 50000 50000 
wt/Et 0.6426 0.9795 1.2795 1.9927 2.6063 3.0182 1.0795 -IR 0.0831 0.0910 0.0981 0.1149 0.1294 0.1391 0.0934 0.0679 
vt - - - - - - - 120524 
Wt 32003 48687 63309 99161 129538 149763 53499 -C. 5. 2 Et 50000 50000 50000 50000 50000 50000 50000 50000 W t / E t 0 . 6 4 0 0 0.9737 1 . 2 6 6 2 1.9832 2 . 5 9 0 8 2.9953 1.0699 -IR 0.0830 0.0909 0.0978 0.1147 0.1290 0.1386 0.0932 0.0679 
vt - - - - - - - 120863 
wt 32130 48973 63677 99637 130313 159082 53978 -C. 6. 2 Et 50000 50000 50000 50000 50000 50000 50000 50000 
V E t 0.6426 0.9795 1.2735 1.9927 2.6063 3.0196 1.0796 -IR 0.0831 0.0910 0.0981 0.1149 0.1294 0.1391 0.0934 0.0679 
Table A-13. Comparison of Results for Set A Between the Basic Horizon Model, 
Non-Convex, Convex, and LP Models. 
1 2 3 4 5 6 7 
t W t V t W t v t W t v t w t v t W t V t W t V t W t V t 
0 8 0 0 0 - 8 0 0 0 - 8 0 0 0 - 8 0 0 0 - 6 6 9 6 - 7 9 9 9 - 7 8 6 5 _ 
1 1 7 4 2 0 - 1 7 6 0 0 - 1 7 8 0 0 - 1 8 0 0 0 - 1 2 4 5 9 - 1 7 4 7 2 - 1 7 3 3 9 -
2 2 8 0 5 0 - 2 8 6 2 0 - 2 9 2 8 0 - 2 9 9 5 0 - 1 6 1 1 8 - 2 8 3 3 1 - 2 8 0 0 6 -
3 3 4 0 4 0 - 3 5 2 7 0 - 3 6 7 1 0 - 3 8 1 9 0 - 1 8 3 0 8 - 3 4 9 4 1 - 3 4 4 8 0 -
4 5 0 3 5 0 - 5 2 4 1 0 - 5 4 8 8 0 - 5 7 4 7 0 - 2 6 6 4 6 - 5 2 2 1 9 - 5 1 5 6 5 -
5 4 6 5 2 0 - 4 9 8 4 0 - 5 3 8 7 0 - 5 8 1 5 0 - 3 0 0 5 1 - 5 0 5 5 5 - 5 1 2 8 0 -
6 - 1 0 0 9 0 3 5 8 1 - 9 2 5 3 - 1 5 4 2 0 - 70 - 5 1 7 3 - 7 4 6 0 -
7 - 5 7 0 5 0 - 5 2 1 5 0 - 4 5 8 2 0 - 3 8 6 5 0 - 3 9 4 9 3 - 5 0 5 3 0 - 4 6 4 8 0 
X l 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 0 . 0 3 7 1 . 0 0 0 0 . 8 6 5 
x 2 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
X 3 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 0 . 6 7 0 1 . 0 0 0 1 . 0 0 0 
X 4 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 
1 , 2 , 3 , 4 - B a s i c : H o r i z o n M o d e l w i t h b o r r o w i n g i n t e r e s t r a t e e q u a l t o 0 . 0 5 3 1 , 0 . 0 7 5 , 0 . 1 0 0 , a n d 
0 . 1 2 5 , r e s p e c t i v e l y . 
5 - N o n - c o n v e x M o d e l 
6 - C o n v e x M o d e l 
7 - LP M o d e l 
OJ 
APPENDIX B 
FORTRAN CODE OF NON-CONVEX MODEL 
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PROGRAM A 3 H 0 0 K E 7<*V7<* OPT = l FTN <*.6+<*60 
; » gpp. 
PR 
• I 
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= 0 • 
= 10 














, XX ( 
) = 0 . 
) =G, 
) = 0 . 
) = G. 
) = 0. 
) = 0 . 
) =LU 















OR » * G°R * * G 
K£ ( I N D U T, CUT PUT,TAPE5 = INPUT 
* * , 3 4 ) , * 3 I N ( d ) , 
>11 (S> »W (3) , 3 U F F J 8 ) i 
, <0'JTT( 7) ,<dS (66) 
=>R * * GPR 
, T A P E 6 = 0 U T P U T ) 
L 1=1,NSTA GE 
R 3 I N ( I ) 













1 = 1 




XK = I 
AT = 9 
PHA = 
TA = 0 







.50 " " "" " 
5.0 • 
, 1 C 0 1 ) U D ( I » J > , I = i , N H H ) , J = l , 
(F1Z.3) _ . _ 
1 1 = 1,NHH ' 
1 J = 1 , N P 
= D ( I , J ) / i C 0 0 . 
NP) 
WRITE (6 ,6001) . 
6001 FORMAT ( I H i , 1 0 X , " H O O K E AND J E E V E S O P T I M I Z A T I O N R O U T I N E " , 5 X ) 
WRITE (6,60:2) ALPHA, 3ZTA, MAXK, N,<AT 
6 0 C 2 FOFMAT (//,2X,1CHPARS M E T E R S , / , 2 * , S H A L ^ H A = ,F5.2,**X, 
*7HBETA = ,F5.£,^X ,8H ITMAX = , I H , *X , 7H N< A T = ,13) 
WRITE (6,6003) NSTAGE 
6CC3 F O R M A T ( / , 2 X , 2 2 H N U M 3 E R 
WRITE (6,600*) 
6 0 0 * FORMAT (/,2X, 1 8 H I N I T I A L S T E P S I Z E S ) 
DO 6 0 0 6 1 = 1, NSTA GE . _ ... 
W R I T E ( 6 , 6 0 0 5 ) I,EPSCI) 
OF VARIA SLES =' ,13) 
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PROGRAM ABHOOKE 7W74 OPT = i FTN «*.6«^60 
6 C C 5 F O R M A T ( 7 . 2 X , 4 H E P S ( , 1 2 , H H ) = , E 1 6 , 8) 
6uC6 C O N T I N U E 
WRITE(c ,6C07> E P S Y 
6 0 0 7 F O R M A T < / , 2X , 4 3 H E R R O R . I N F U N C T I O N y / A L J E S F O R C O N V E R G E N C E 5 * E 1 6 . 8 1 
O O 65*: I = i f N S T A G E 
I T = I - 1 
W R I T E ( 6 , 6 * * 2 ) I T , R < ( I > 
6 5 4 2 F O R M A T ( 2 ^ V R 3 1 N <" , 1 2 J=__"tF8t_0 
6 5 H I C O N T I N U E 
< F L A G = G 
D O 6 G 0 8 1 = 1 , N S T A G E 
Q ( I ) = R K ( I > wm=o. ; 
6 C C 8 C O N T I N U E 
< A T = C 
K K 1 = 0 _ _ _ 
6 0 7 0 K C O U N T = 0 / T 
W 3 E S T = W ( N S T A G E ) 
D O 1 9 8 5 1 = 1 , N S T A G E - . 
I F ( R K C l ) . L T . A X ) R K ( I ) = A X _ „ _ _ . _ _ _ _ _ 
3 ' J F F ( I ) =h.K ( I ) " ~ ~ " ' " ' • " " 
1 9 8 5 C O N T I N U E 
C A L L C 3 J £ C T ( N C I , D , R < , N S T A G E , 5 U M , K 3 3 , X X . P P f K O U T T ) 
N C I = N C I U _ , : KKi = KKH_ 
. B O = S l M 
I F ( K K i . E Q . l ) Q D = S U M 
_ I F ( K K i . E Q . l ) G O T O 6 2 0 1 
I F ( 3 0 . G T . Q 0 ) K F L A G = 1 
I F ( 3 0 . E Q _ . q O ) Q D = 3 0 C 
C _ E S T A B L I S H I N G T H E S E A R C H P A T T E R N , 
C " " " ' ~ " ' 62C1 O O C 0 £ 5 1 = 1 , N S T A G E 
Q Q ' U ) - F K ( I ) 
T S R < = R K ( I ) 
\K { I ) = R K < I ) + E ° S { I ) 
D O 9 9 3 6 1 2 = 1 , N S T A G E 
I F ( * < < I ) . L T . A X > R K ( I ) = AX 
9 9 8 6 C O N T I N U E 
I F ( M C I .GFT.'o) GO T O 1 3 9 7 " " 
W R I T E ( 6 , 3 - 5 6 ) 
3 ^ + 5 6 F O R M A T ( / / / • * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * • * , / ) FORMAT (/ / /• ********** ************* 
WRITEietc*57) (RK(II) tIIrltNS.TA.Gtl FORMAT (// ,2X,8Fl2,o,/ /) 
O M T T k I I : .~ 
3H57 1097 CON INUE CALL 0 8JECT <NCI,0,R<,NSTAGE,SUK,K3B,XX,PP,KOUTT) _ NCI = NC 1 + 1 : , •" KKl=KKH-i 
W(I)=SUM IF(W(I).LT.QO) GO TO 6 0 5 8 RK (I)=RK(I)-2»*£PS(I) _ ; DO 9987 122=1.NSTAGE-IF(RKd).LT.AX) RK(I)=AX 9 967 CONTINUE IF(NCI.GE.3) GO TO 3k31_. WRITE ( t , T P 6 7 ) 
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PROGRAM A 3 H 0 0 K E '7k/7<+ OPT=i FTN *.&**6Q 73 
£-ce 7 ~ F 0 R M AT (/"/ / ,' "0 0 00 0 0 00 00 000 OOOOGOOO 000000 0 0 0 0 0 0 0 0 O O O O O O O O O d O O D . , , / l 
W R I T E ( 6 . - 5 6 8 ) (R<(LI) , L 1 = 1 , N S T A G E ) 
<*568 F O R M A T ( / / , 2 X , 8 F 1 2 , 3 , / / ) 
3*31 C O N T I N U E _ .: - 1 
CALL 0 3 J E C T ( N C I , D , R < , N S T A G E , S U M , K 3 3 , X X , P P , K O U T T ) 
N C I = N C I * 1 • 
K K 1 = K K 1 * 1 
# ( D = S U M .. .. - : 
IF ( W ( I ) . L T , Q O ) GO T3 6058 
R K ( I ) = T S R K 
IF (I.EC.l) GO TO 6513 . . 
W ( I ) = W ( I - 1 ) _ • • . 
GO TO 6613 
6 5 1 3 W ( I ) = 3 0 
6 6 1 3 C O N T I N U E 
<CQUNT = KCOUNT+1 „ : . ^ - - - - ^ 
GO TO 6055 
6 0 5 8 Q O = W ( I ) 
Q Q ( I ) = R K ( I ) 
6 0 5 5 C O N T I N U E „.'... - - ~ 
I F ( I P R I N T ) 6 0 6 0 , 6 0 6 5 , 6 060 
6060 W R I T E ( 6 , 6 1 0 0 ) <K1 -
C 
C R E C O R D . R E S P O N S E S A NO L O C A T I O N _. . • .. ., .. 
C 
W R I T E ( 6 , 6 1 0 2 ) . 
W R I T E ( 6 , 6 2 0 7 ) ( R K ( I ) , 1 = 1 , N S T A G E ) , Q D 
"C TEST TO DETERMINE TE R M I N A T ! ON PRO GRAM ' ~ 
C 
6 0 6 5 IF (KK1 • G T . N A X K ) GO T O 6 0 9 * 
IF (<AT.GE.N<AT) GO TO 6 0 9 * . . . ... .. 
IF (A5S (W ( N S T A G E ) - W 3 E 3 T ) . L c . E P S Y ) GO TO 60 9* 
C 
C IF ALL AXES FAIL R E D U C E S T E P SIZE 
'" C IF (KCCUNT.GE.'NSTAGE) GO TO 6028" ~ . " ~ "" " 
W R I T E ( 6 , 8 8 8 3 ) 
8888 F O r MAT (//, *** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
_ * * * * * * * * *** * * * * * * * * ** ****•• j ^ ^ 
00 6026 .1 = 1, NSTAGE ' : " " ~ ' " ~ " ."*"" 
WRITE (6 ,702b) R <( I ) , 3U FF ( I ) , Q ( I) ,.QQ (I) . 
7 0 2 6 F O R M A T ( / , 2 A , F 9 . 5 , 5 X , F 3 . 5 , 5 X , F 8 . 5 , 5 X , F 8 . 5 ) 
„ I F ( Q ( I ) . G T . R K ( I ) ) GO TO 97.53. , ~ 
GO TO 9751 -
, 9753 AL PHA = -ALPHA * 
9751 PK (I) = R K ( I ) + A L P H A * ( R K ( I ) - Q ( I ) ) 
IF ( A L P H A . L T . O . ) ALPrf A =-ALPHA r . :. _ 
W R I T E ( 6 ,70 27) R < ( I ) , A L P H A 
7 0 2 7 FORMAT (//,10X,F3.5,5X,F8. 3) 
W R I T E ( 6 ,7028) AL °HA 
7028 FO-MAT (//,l0X,F8 .3) ... . 
6 C 2 6 C O N T I N U E 
DO 6025 1 = 1 , N S T A G E 
0 ( I ) = Q O ( I ) 
. . 6 0 2 5 C O N T I N U E ...... . . . _ -
GO TO 6070 
% 
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REDUCE STEP SIZE 
GO T3 6 20 2 6028 KAT-KAT+i I F ( K F L A G . E Q , i ) GO TO 62C4 
6202 KFLAG-0 
DO U2G3 1 = 1 , NSTAGE „ 
RK ( I ) = Q ( I ) 
6203 CONTINUE 
62G4 DO 6C50 1=1,NSTAGE 
E P S ( I ) =EPS ( I ) * 3 E T A . 
6080 CONTINUE 
I F ( I P R I N T ) -6085,6070,6085 
6085 W R I T E ( 6 , 6 l u _ > KAT 
GO TO e 070 
60 9** WRITE ( 6 , 6 - 6 0 ) ( E P S ( I ) 
W R I T E ( 6 , 6 - 6 1 ) ( R < ( I ) , 
W R I T E ( 6 , 6 - 6 2 ) OO 
DC 610^ 1=1,NSTAGE 
, 1 = 1 , 
1 = 1 , NSTAGEI 
6104 W R I T E ( 6 , 6 1 0 3 ) 
61C0 





6 - t 0 
6 - 6 1 
6*62 
WRITE. ( 6 , c l Q 0 ) 
I,R<(I ) 





FORMAT ( 1 A , 
FORMAT ( I X , 
FORMAT ( I X , 
( / , 2 X , 1 8 H S T E P 
(1>,26HEND OF 
2X,5HF INAL 
" V A R I A B L E S 
, M S U r ' , , , 3 X . 
"Th£ F INAL 
THE FINAL 
( I X , 
S I Z E REDUCED 
EACH PATTERN 
X ( , I 2 , - H ) = 
AND 3UMN",3 
E l * . 5 ) 
E P S A R c " , r , 3 F i _ " . 5 / ) 
R< ARE " , 8 F 1 2 . 8 / ) 
12,6H T I M E S ) 
SEARCH/ ) 
, E 1 6 . 3 ) " ,9Ei2,4//) 
* — « 





, F ? 0 . 3 / ) 
CALL O B J E C T ( N C 1,0,R< , N S T A G t , S U M , K 3 3 *XX,P3,KOUTT) 
W R I T E ( c ,90 3) ( K O U T T ( I ) , 1 = 1 , 7 ) 
W R I T E ( 6 , 9C5) W R I T E ( 6 ,900 ) (K 3 3 ( I ) , 1=1,N) 
WRITE (6 ,905) 
W R I T E ( 6 , 9 C 1 ) (XX ( I ) ,1=1,M) 
WFITE <c , 3C5) 
WRITE ( 6 , 9 0 1 ) ( P P ( I ) , 1 =1,M) 
FORMAT (1015) _ _ _ . ._-
FORMAT(10F12 .3 ) " 
FORMAT (715) 
FORMAT ( / / ) 
STOP . .„...- . : 
END 




SU3R0UTINE O B J E C T 7**/7k OPT=l FTN * F . 6 + ~ 6 0 
C 
5 """ C " ~ : ' : ~ 
S U B R O U T I N E 0 3 J E C T ( N C I , D , R < , N S T A G E , S U M , < B 3 , X X , P P , < O U T T ) 
D I M E N S I O N A ( 3 k , 6 6 ) , 3 ( 3 - ) , T O L ( L > , £ i*) , < 3 ( 6 6 ) . J H ( 3 H ) , 
1 I N F I X ( 6 ) , X ( 3 M , P ( 3 T ) , Y ( 3 * - ) , X X < C * ) , K 3 3 (66) , P P ( 3 * , ) , _ 
1 K O U T ( 8 ) , E R R ( 8 ) , D ( o - R , 3 * ) , R ' < ( 8 ) , K O U T T (7) . 
1 0 M V A = 1 
E Q = 5 C 0 C 0 . 
N H H = I 6 • 
M = 5 « + 
N = 6 6 
1 5 N H = 9 
np=io _ . ....... 
A X = 0 . 0 6 7 9 
3 X = 0 . C 2 3 5 9 5 
D O 7 7 7 7 L = 1 , M , 
2 0 D O 7777 L L = 1 , N _ 
7 7 7 7 A ( L , L L ) = 0 . 0 
D O 7 7 7 1 M I = 1 , N H H 
D O 7 7 7 1 M 2 = 1 , N P -
' 7 7 7 1 A ( M 1 , M 2 ) =0 ( M I , M 2 ) . ' , 
2 5 T C L ( I ) = 0 . 0 0 0 0 1 
T C L ( 2 ) = 0 . 0 0 0 0 1 
T O L ( 3 ) = - 0 . 0 0 1 
T O L U ) = 0 . 0 0 0 0 0 0 0 0 0 1 
I N F I X ( L ) = K ' " 
3 0 I N F I X ( 2 ) = 6 6 
I N F I X ( 3 ) = 3 * 
I N F L X ( T ) = 3 4 
' ' " I N F I X ( 5 ) = 2 
I N F I X ( 6 ) = 1 
3 5 I N F I X ( 7 ) = 9 9 9 
_ - I N F I X ( 6 ) = 0 . „ 
P R N = C . 
A ( L , 1 8 ) = - 1 . 
A ( 1 , 2 6 ) = 1 . 
^ 0 1 = 2 
J = L L 
5 5 A U , J ) = I . 
1 = 1 + 1 
J = J + 1 
us I F ( I . G T . 9 ) G O T O 5 
G O T O 5 5 
5 1 = 2 
J = 1 9 
4 * A ( I , J ) = - 1 . " " " " " ' " 
5 0 1 = 1 + 1 
J = J + 1 
I F ( I . G T . 9 ) G O T O 6 
G O T O * * 
6 1 = 2 
5 5 J = 3 * 
6 6 A ( I , J ) = 1 . 
1 = 1 + 1 
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SUBROUTINE 03JECT 74/74 OPT=i FTN 4.6+460 
























" 30 3 
311 
055 
J = J+l 
I F ( I . G T . 3 4 ) 
GO TO 66 
I = 10_ J-12 
A ( I , J ) = - 0 , C 5 5 
1 = 1+1 
J = J + 1 
I F ( I .GT' ."ie> GO TO 8 
GO TO 77 
1 = 10 
J = 27 _ .__ 
A C I , _ ) ' - ! • 
1 = 1+1 
J = J + 1 
IF(I.GT.16> GO TO 10 
GO TO 8 8 
1 = 25 
J = l 
A ( i , j ) = o , o o i ^ .... 
1 = 1 + 1 
j = j + i 
i f ( i . g t , 3 - ) go t o 11 
GO TO 1010 _ .„_ 
1 = 3 J = i l 
A ( I , J ) =-1, 
1 = 1 + 1 . . 
J = J + 1 
I F (I.GT.9) GO TO 12 GO TO 9999 
1 = 17 : 
J = 19 
A ( I , J ) = B X 
1 = 1 + 1 
J = J+1 .. . 
I F ( I . G T . 2 4 ) GO TO i3 
GO TO 1313 
1 = 11 
A7 I,j)=-!• 
1 = 1 + 1 
J=J+1 
IF ( I .GT.16) GO TO 14 
GO TO 1312 
CONTINUE 
DO 303 1=3,9 
A ( I , I + 1 S ) - R K ( 1 - 2 ) + ! • . 
A ( 1 + 7 , 1 + 17)=RK ( 1 - 1 ) 
DO 311 LL=18,24 
A ( L L , LL +9) = - R K ( L L - 1 5 ) +AX 
CONTINUE ... 
8(i)=0. 
3 (2 )=1C00 . 
3 ( 3 ) = 5 C 0 0 „ 
3 (4 )=3G0, _ 
3 (5 ) =50 0.' 
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RK (i)-AX) 5,3* 
8(6)=500. 3(7)=G, 3 { 8)=50 0• B(9)=1000. 3 (10)=EQ IF (M V A • £ Q • 3(li)=300. (12)=50d, (13)=500. (1*)=0. (15)=500. ( 16) =1000... GO TO L33' ***** CONTINUE OO 1=11,16 
M*<*5 3(I)=0. ... *33 3(17)=EQ*C OO 20* K=2 20* B(K)=1. . OQ 205 .1=16,2* 205 3(I)=0. IF(NCI.GE.S) GO 1 WRITE(6 WRITE(c WRITE (6 WRITE (6 WRIT£(6 WRITE(6 WRITE (6 WRITE (6 WRITE (6 WRITE (6 WRITE (6 WRITE (6 WRITE (6 WRITE (6 WRITE (6 WRITE (6 WRITE(6 _ 103 FORMAT (Fi2t 3) _ . 10 5 FORMAT (1H1,/////) 1C6 FORMAT C10F12.3) ICQ FORMAT (6F12.3) 123* CONTINUE CALL SIMPL SUM=-X(1) OO 107 K=i,N 1C7 K39(K)=K3(K) OO 108 K=1,M PP K)=P(K> 10 8 XX (K) =X «) 
1108 
1) GO TO **** 
105) 1G 6) ((A(I,J),J=lxlC), 1=1 ,J1) 10 5) 106) ((A(I,J),J=ll,20) ,1=1,!1) 1G 5) 10 fci .CCA tI,J ) , J=2l,30J_ ,l=i,_mx_ . 10 5) 10 6) ((A(I,J),J=3l,*G) ,I=1,M) 10 5) 10 6) ( (A (I,J) ,J=*1,50) , 1= 1, M) 105) • 10 6) ((A(I,J) ,J=51,60) , 1=1,M) 1C5) 10 C) t(A(I,J) ,J=61,65) , 1=1,M) _ 10 5) 1C3) (3(1),1 = 1,M) 10 5) 
fc. • *J * 
X(INFIX,A,3,TOL,PRM»KOU T, ERR,JH ,X,P,Y,<3,E) 
DO 1108 1= KOUTT(I)=K IF(NCI•LE• WPITr (6 ,20 WRIT5." (6 ,2G WPITE(6,2C 
1,7 . . . OUT (I) 300) GO T3 6177 2) 3)(K33(I),I=1iN) 2) 
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WRITE •WRITE WRITE WRITE WRITE WRITE FOP MA FORMA FORMA FORMA CO NT I GO 10 P (K) = X (K) = 
r (K) = JH (<) DO 11 
00. 11 E (K , K DO 11 KOUTf DO 11 ERR (< 
00 11 DO li A (I, J 
00 11 DO 11 A (I, J 
00 11 
3 ( 1 ) = 
00 11 
K3 (I) Rf TUR END 
6,201). (XX(I) »I =1 ,M) 6,202) 6,201) (PPU) ,1-1 ,M) 6 ,20 2) 6,207) (<OUT (I) ,1=1,8) 
6,-02) 
(luFi2.3) 
(/////) (15X,10I5) • (1£X,8I5) 
UE 
•. s_?i_ m , . _ 
ck=i,H 
KK=1,M )=0. K=i,7 . 
) =0 K=l,8 = 0. I=1,NHH J=li,N = 0. 1=17,M J=1,N = 0, 
4 1=1,M 
5 1=1,N = 0 N 




RIA8L ES SN TYPE 305 A REAL 611 UJ REAL ^ J • " • REAL ""• 2 6* E Q REAL 301 
302 
I INTEGER J INTEGER 3 K INTEGER 
405 <33 INTEGER KOUT INTEGER 27- L INTEGER 2 66 M INTEGER 





1272 AX REAL , 
1273 3X r=;al • 
"56 = 7 ' <_ R i A L • ARRAt 
10415 ERR REAL ARRA> 
10 2 27 INFIX INTEGFR ARRi* 
10163 JH INTEGER A R * * "» 
10 u 63 K3 INTEGER AR.RAl 
13C4 :<k INTEGER ARRA* 0 KOUTT INTEGER 1275 
1263 LL INTEGER MVA INTEGER 
123 
APPENDIX C 
FORTRAN CODE OF CONVEX MODEL 
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PROGRAM C3HCCKE lk/7L CPT=i FTN *.6 + M6Q 
C311R El 1 R B I 1 R B 1 1 R BUR B U R E i i R 8T1R FROGR £ N A6HCCKE (IN FU T, CU TP LT , T A P E5 =1NPUT , T APE 6 = 0 LTFUT) DIMENSION TCL(A) , (27) tF (27) , Y(27) ,XX (27) ,KE3 (52) ,PP(27), 
4 F P : ( , C ) , 0 C27,27V,R8IN(£)y ~ ' • EPS(3 ) ,RK(£),Q(d)vQQ (8),W(8) ,BUFF(8) C , C ITMA>=MAXI"LM NUMBER CF TIMES THE OBJECTIVE FUNCTION IS CALLE 
12 • C NKAT-MAXIMUM NUMBER OF TIMES THE INITIAL STEF SIZE IS TO BE .C REDUCED C 
"CNSTAGE=NUNEER OF CECISICM VARIBLES""TO" BE USEE" 
C 
15 READC5,5C0Z) ITMAX,NKAT,NSTAGE 
EaO 2 FORMAT (1̂2, I 3.12 )_ . C C 23 0 RBIN=VECTOR OF THE STARTING SOLUTION 
REAOC5.5C0C) (RBIN(I) ,1=1,NSTAGE) 
5000 FORMAT (12.5) • 
c . . _ . _____ „. ' _ _ ; 
C C E?S=\icCTOF CF THE INITIAL STEF SIZE TC BE USEC FOR C EACH CF ThE VARIABLES 30 READ (5,5 COD (EFS (I), 1= 1, NSTAGE) 5001 FORMAT (12.5) C 
C 
35 C AL pH A-=F£CTCC FOR EXTENDING THE SIZE OF THE IMTIA 
__C _ STEPS, GREATER THAN OR EG LA L TO 1.0 C BE 7A=FAC7CR FCR REDUCING THE INITIAL STEP SI2E. C <j< = e£TA<-l, 
A3 C * • C EPSY = E"SGR IN OBJECTIVE" FUNCTION TO *Z REACHED ry£FORE C PROGRAM TERMINATES (DIFFERENCE BETWEEN CU.RRENT VALUE C AND FREVICL'S STAGE VALUE). C 
A 5 — - • REAO (5*,5R.Z 3)~ ALPHA ,HE-rA",~EFSY : ~~ " 5003 FORMAT (F5.2.F5.2,F6.3) C _ _ _ _ c , _ _ . _ _____ ____ _ _ _ __________________ 50 C AX=INTE-CEPT CF the INTEREST RATE-DEBT/EQUITY RATIO C REGRESSION EOLATION • . C *•"C ' ?X = SLCFE CF THE INTEREST RATE-DEBT/EQUITY" RATIO *" C REGRESSION EOLATION 55 C C A R=L E N O IN G INTEREST RATE -
125 
PROGRAM /J8HCCKE 74/74 CPT-i FTN 6*460 
~ —- PEAD(5~,500 4) A X , 3 X, A R ~ : . ' ~ 
50C4 FORMAT (3 (F12.5)) 
60 C 
c ; „ . : C EQ-IMTIAL EQUITY C 65 FEAD(5,5005) EC 
". " 5JG5 FORMAT (12.5). ~ '-' —— C C C 70— C~""' ' M-NUKE55" CF CCNSTRA INTSTTT THE" CAPITAL" BUDGETING ; 
C- MCDEL • 1 C C N F = N Uh BER CF PROJECTS ; _ 75 C NH = N'U EER CF CASH BALANCE CCN̂ TRAINTS + NUMBER OF 
C EQUITY CONSTRAINTS 
. r 
" ' " " * C N = NUhEER CF VARIABLES • NUM ErR OF SLACKS + 1 
C 
80 READ(5,5?06) M,NP,NH,N 
500 6 FORMAT (4 (15) ) _ 
C 
c " DO 12 24" 1=1 ,8 " " • ' 1234 FK (I)=RBIN(I) NCI-1-IPRINT-1 ' C Q - MAX<=ITV5X " ~ ' • =>EAD(5,1CD1) ((0(I,J) ,1 = 1 ,NH) ,J = 1,NP) 1001 FORMAT (F12.3) 
c . . _ ; . . *5 C 
w r i t e ( e . e c c i ) €001 FORMAT (1 h 1 ,1JX, "HOOKE AND J E E V E S OPTIMIZATION ROUTINE",5X 
"' WRITE (6 , 6H C 2 ) SL^HA, BETA ,MAXK, NKAT 600 2 FORMAT ( / / , 2X,iGHPARA*'£T_RS,/t2X,6HALPHA - ,F5.2,4X, ICO *7H5ETA = , F5 .2 , 4X , 8H IT HA X = ,I 4,4X,7HNKAT = ,13) 
WRITE (6 , 60 03) NSTAGE "cu03' FORMAT </,2X,22HNUMBER CF VARIAELES - ,13) WRITE<6,6004) 630 4 FC~MAT </, 2 > , 18HNITI AL STEP SIZES) 1C5 CC 6 K 6 1=1, NSTAGE 
WRITE (6,6005) I,£PS(I) ' T ' ~ 60:«= FORMAT (/,2>,4HEPS(,12,4H) = ,E16.8) 6306 CONTINUE 
WRITE (6 ,6CC7) E P S Y 110 6037 FCRMAT(/,2X,43h£RROR IN FUNCTION VALUES FOR CCNVCRGENCE = DO 65-1 1=1,NSTAGE IT=I-1 W = I " E (6 ,65̂ 2) IT,RK(I) 6 542 FORMAT ( 2 X , " R EIN (" , 12 , " ) =*',F8.4) 
126 
PROGRAM ABHCCKE 7k/7k CPT-i FTN 4.6*460 
" 6541 CONTINUE K FL AG = 0 DC 63 C 6 1=1 , NSTAGE 
Q (I) =R K ( I) 
w d ) = o . • " • " ~ " ' r 6 00 8 CCNTINUE K A T = 0 
KK1-0 . ... 6070 KCCUNT=0 kB£ST = K(NSTAGE) CO 1965 1=1, NSTAGE IF(RK (1) .LT.AX) RK(I) = AX „ —19^5 CONTINLr" """" CALL CEJECT(AR,AX,BX,NCI,D,RK,NSTAGE,SUM,EQ,M,NP,NH,N) KK1=KK1*1 EO=SUM TFCKKi.EC.l) QO = SUM ' • IF(KKl.EC.l) GO TO 6201 IFC30.GT.Qi:) KFLAG=1 
IF<ac.£Q.QC) QC = 30 _ • _ 
c"~ ~""*• " ~ "* C ESTABLISHING THE SEARCH PATTERN C 6201 CO 60 5 5 1= 1 ,NSTAGE • - CG (I) =RK(I) " " ~"" " " " ' ""' TSRK=FK(I) RK (I)=RK <T ) •EPS(I) CC 9966 12 = 1,NSTAGE " IF (R< (ir.LT. AX) R-KfD = AX ~ S9*'S CONTINUE CALL C EJECT ( AR , AX, BX , NCI ,Q,RK, NSTAGE , SUM, EQ ,M ,NP , NH ,N) KKi = KKl4»i W(I)-SLM TFCWCD.LT.GD) GO TO 6058 FK (I) =RK (I )-2.*EPS (I) - -DC 9~?7 12 2 = 1,NSTAGE IF(R< (I) .LT.AX) RK(I) = AX ?987 CCNTINLE 
W P I T - (6,̂ 56?)(R<(LI) ,L1=1,NSTAGE) 
4568 FORMAT (//,2X,8F12.3,//) " " CALL C EJECT CAR , AX , EX ,N CI ,D ,RK, N STAGE , SUM, EQ , M» NP»NH. ,NV" NCI=NCI*1 KK1=KK1+1 W (I) = SLM " ' " - " " ' " '.' IF ( W (I) • LT.GO GO TO 6C58" ~ ~ ' RK(I)=TSRK IFCI.EC.l) GC TO 6513 K(I) = MI-i) GO TO 6613 6513 W(I)=EC 6 613 CCNTINLE 
KCCUNT=KCOLN7*l 
GO TO 6 055 ' • - " • 
6058 QD=W(I) QQ(I)=F< <I) 6055 CCNTINLE IFCI°FINT) 6*60,6965,6060 * ' 
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PROGRAK A3HCCKE 7*/7* CPT = i FTN *.6**6Q 
6060 WRITE (6,6100) KK1 " " " ------ -.. 
C 
C RECORC RESPONSES A NO LOCATION 175 ;" WRITE (6 ,61C2) " "' WRITE (6 ,62 07)(KK<I),1=1,NSTAGE) ,QO C ' • 
C TEST TC DETERMINE TERMINATION F °CG PA P _ 123 " "C " T 6C65 IF(KK1,GT»MXK) GO TC 609*' IF(KAT.GE.NKAT) GO TO 639* 
IF(ABS <W (NSTAGE)-WBEST).LE.EFSV) GO TO 609* _ _ 
— c ~ " ' • " " 
i e 5 C IF ALL AXES FAIL REDUCE STEP SIZE C • IFfKCCLNT.GE.NSTAGE) GC TO 6 028 - OO 6 i 2 6 1=1,NSTAGE " ~ °K (I) = RK (I)+ALPHA* (RK(I) -Q (I)) ICO 6026 CCNTINLE DO 63 c5 1=1,NSTAGE " Q(I)=CC(I) 6025 CCNTINLE 
GO TO 6070 195 C ' 
" - — : — • c - ~ r e d u c e STEF SIZE' " " " " " * " C 6C28' KA T = K £ T• 1 IF (KFLAG.EC.l) GO TO 6202 2 0.) " G C TC 62C* " " " ' 6202 KFLAG=C OO c 2C3 1 = 1,NSTAGE . RK(I)=C (I) 
~ ~ " ~ E 2 « 1 CCNTINLE " ' ; " " ~ " ~ 205 620 *. DC 6J£i3 1=1, NSTAGE EPSCI ) = rFS (I)*RETA 6Q80 CCNTINLE 
• • - IF(IPRINT)" 633 5,6373 ,6C85" ' " " 6085 WRITE (6,61C1) K AT 210 GO TC 6070 639A WRITE (6,6*63)(EPS(I) ,1 = 1,NSTAGE) "" " " WRITE 16,6*61) (FK( I), 1=1, NSTAGE) WRITE (6,6*62) GD DO 61CA 1=1,NSTAGE 215 610 A WPITE(6,6103) I,RK(I) 
~ ~ w r i t - ( e , 6 i : c > k k i ~"~ 6100 FORMAT (//,2X , 33HNUMBER OF FUNCTION EVALUATIONS = ,18) 6121 FORMAT</,2X,1«HSTER SIZE REDUCED ,I2,6H TIMES) 6iu2 FORMAT (i>, 261-EN D OF EACH PATTERN SEARCH/) 
22a 61T3 c CtMAT (//» _. X , a, h FI N A L Y ( , I 2 , * h ) - , E16.?) " """"" 6237 FORMAT (IX,-VARIABLES AND S UM N" , 3X , 9E 12 •*//) 6*65 PC<MAT (1CX ,"SUV",3X,El*u 5) 6̂ 63 FORMAT (1 X * "Tf-E FINAL E«=3 ARE ",8F12.3/) " ~ " " ' 6 * 6 1 FC-M A T (ix , "THE FINAL R K ARE ",?F12.3/) " " " 225 6A62 FCRMA T (1 X, "ThE MINIMUM RESFONSc IS ",F2Q.8/) NCI = C CALL CE JCCT (AR, AX, BX ,Ni CI ,0,RK, NSTAGE, SLM,EQ,M,NP, NH,N) 
STCP 
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Sl'BPCUINE CEJECT(AR,AX, DIMENSION £ (27,52) ,9 (27) *INFIX (8) ,X (27) ,P(2 7) , Y (2 •K0UT<7). f £RR(fi) ,Q(27,27) , *K (8) 00 7777 L=1,M DO"7777 J=1,N " ~~ 7777 MI, J ) = 0 • 00 7771 f1 = 1 ,NM DO 7771 H2 = 1,NP 7771 A<M1,N2)=0(V1,P2) ~" 
EX ,N ,TCL 7) ,X 
CI , (̂  ) (2 
P,PK, ,E(27 7) , KB 
NSTAGE ,2 7) ,K 3(52) , 
,SUV,M 
3 ( 5 2 ) , DP(27) 
,NP JH ( ,NH,N) 27) , 
TT5-
5 0 
TOLTl)=FIVOT TOLERANCE" TOL ( 2 ) = TCLERANCE FOR SE TOL(3)=S£CLCEC COST IS IS BELO W THIS QUANTITY 7GL(4)=CUENTITIES IN TH ASSUNED ZERC IF MAGN.ITU 
TCL(1) = 0 « 0 L 0 31 TOL (2 )=O.CG001 • T0L(3)=-€.001 T0L(4) = 0 , jCOCOOOOOI 
TT IN CONS 




RED T ROW 
W THI 
ZE=>0 O EE NEGATIVE C 
CF t h e S QUAN INVER TIT Y ESE 
NLY IF 
ARE 
T N F T X 1 ) = IKFL *G ~ ~ ~ " 
INFIX(2)=N 
INFIX (3) = K ~ 
INFIX(4) = *< 
INFIX(5)=THE ROW NUMBER OF THE FIRST CONSTRAINT IN 
INFIX (1)=4 
INFIX (2) =N . _ _____ 
I N F T X ( 3 ) =M" ~ -INFIX C4)=M INFIX (5)=2 INFIX(6)=1 INFIX (7) = 9 9 9 " • " INFIX (8)=0 
RPM = 3 , 
A (1 , 18)=-1• A (1,26) = 1 . ' " ' " ~ " ' " ' 
1 = 2 J=ll A(I,J)=1. 
1 = 1 + 1 • 
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J = J IF ( GO 1 = 2 
J = l A (I 1 = 1 
J = J IF( GO 1=2 
J=2 A(I 1 = 1 
J = J IF ( GO 1 = 1 
J = l A(I 1 = 1 
J = J IF( GO . 1 = 1 
J=3 A ( I 1 = 1 
J = J IF ( GO 1 = 1 
J = l A (I 1=1 
J = J IF ( GC 1 = 1 
J = M A(I 1 = 1 
J = J IF ( GO 1 = 3 
J = l A (I T=I 
J = J IF ( GC DO A ( 1 B (1 B (1 B (3 
• 1 I•G T . 9) GC TO 5 TC 55 
9 ' ~ 
, J ) = - l . • 1 • 1 I.GT.S) GC 70 6~ TO 
7 
» J ) = i • • 1 + 1 I.GT.9) GO TO 7 . TC. 6 6 • • ' ' . " 3;* 9 
, J ) = BX + 1 " 
• 1 I.GT.17) GO TO 8 TC 77 05 
, J ) = 1. +1 • 1' "" "~ I.GT-17) GO TO 9 TO 83 
3. , _ _ _ 
, J ) = i , + 1 + 1 I.GT.27) GD TO 10 TC 99 8 3 
, J ) = 1. >1 
+ 1 
I.G7.27) GO TO 11 TO 1010 " 
, J ) = - ( l . + AR) 
• 1 ' ' 
Î GT.R) g C TO 12 TC 9999 
7 J 3 1=7,9 , I*16-) = PK (1-2) +1. 
) = C • ) = 1C00. 
) = 5 C 3 ? • 
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S U B R O U T I N E C e j E C T 7K/7K C P T = 1 F T N < * . 6 + < < 6 0 7 8 / 1 1 / 3 3 . 0 3 . 
1 1 ? 
1 £ 1 
1 3 0 
i 3 r 
1 *• 3 
1 ^ 5 
1 6 5 
1 7 3 
L 7 5 
2 0 1 
2 0 <. 
e i Q 5 
' 1 0 3 
1 0 5 
1 0 6 
1 0 7 
I 9 2 e 
1 J 5 7 0 
1 0 s 
1 0 5 1 
1 0 5 3 
4 C 6 G 
1 : 5 2 
5 0 5 5 
1 0 9 
1 1 3 
1 1 1 
1 1 2 
1 1 
1 1 <• 
1 1 J . -
5 ( « • ) = 
e ( 5 ) * 
«? ( 6 ) = 
3 ( 7 ) = 
b m = 
3 ( 9 ) = 
C C 2 - J 
£ ( < < ) = 
CO 2-i 
e ( K > = 
W = I T E 
F C ~ M A 
I F < N C 
W R I T E 
W = I T E 
W R I T E 
W = I T E 
W P I " E 
W R I T E 
W P I ' E 
W R I T E 
W R I T E 
W R I T E 
W R I T E 
W P I T E 
W R I T E 
W ^ I T E 
W R I T E 
F C R M A 
F Q P 1 A 
F Q P M 4 
F O R M A 
C C N T I 
C A L L 
S U M = -
0 0 1 3 
K E S ( < 
c o " i : 
F P ( K ) 
x x ( « ) 
I F ( N C 
W P I T E 
F O R M A 
W P I T E 
W R I T E 
F O R M A 
W P I T E 
W R I ' E 
W P I T E 
W R I T - Z 
F O R M A 
W R I T E 
F O R M A 
F O R M A 
C C N T I 
0 0 1 3 
P ( K ) = 
7 0 0 . 
5 C 3 . 
5 G 3 . 
C . 
5 U 3 i " 
1 C 3 C . 
1 < = 1 Q , 
F K ( K - 5 ) 
<» K = i e . 
1 . 
( 6 , ! 1 C 5 
T ( / / , 2 X 
I . M E . C ) 
( 6 , 1 0 5 1 
( 6 , 1 0 6 ) 
1 6 , 1 3 5 ) 
( 6 , I E 6 ) 
( 6 , 1 C 5 ) 
( 6 , 1 J I) 
( 6 , 1 3 5 ) 
1 6 , 1 0 6 ) 
( 6 , i : 5 ) 
( 6 , 1 0 6 ) 
( 6 , 1 3 5 ) 
1 6 , 1 3 7 1 
( 6 , 1 0 5 ) 
( 6 , 1 0 3 ) 
( 6 , 1 3 5 ) 
T ( F 1 2 . 3 
T ( 1 H 1 , / 
T ( 1 G F 1 2 
T ( 2 F 1 2 . 
M E 
S I M F L X C 
M l ) 
7 u K = l , 
> = K E ( K ) 
£ < = 1 , M 
* F ( K ) 
= X ( K ) 
i . n e . o 
( 6 , i c 5 1 
T ( 1 2 X , 1 
( 6 , 1 3 5 2 
< e , i o s 3 
T ( 1 C F 1 2 
( 6 , 1 0 5 2 
( € . 1 3 5 
( 6 , 1 3 11 
1 6 , 1 C fcC 
7 ( 5 X , I 2 
( 6 , 1 -J 5 2 
T f 1 C F 1 2 
7 ( / / / / / 
K E 
9 K = i ,M 
c , 
1 7 
' E C - E G ' A X 
2 7 
) ( R K 
, 8 F 1 
G C 
C C A 
( ( A 
( ( A 
r ( A 
( ( A ( 
<(* ( 
( 8 ( 1 
f 
/ / / / 
• 3 ) 
3 ) 
( I ) , T = l , N S T A G E ) 
2 . 3 , / / ) 
T O 1 9 2 5 " " _ 
( I , J ) , J = l , 1 0 ) , I = 1 , M ) 
( I , J ) , J = l i , 2 3 > , 1 = 1 , M l " 
( I » J ) , J = c l , 3 u > , 1 = 1 , - 1 ) 
( I , J ) , J * 3 I , H 0 ) , 1 = 1 , M ) 
I » J ) » J = * * i , 5 0 ) , I = 1 , M ) 
I , J ) , J = 5 1 , 5 2 ) V I = 1 , H ) 
) , 1 = 1 , M 
) 
I N F I X , A , B , T Q L . F R K , K O U T , £ R P , J H , X , P , Y , K B , E I 
G C T O 5 0 5 5 ~ 
M K B 3 C K ) ,K = 1 , N ) 
0 1 5 ) 
) 
) ( F P ( I ) , I = 1 , M J — 
. 3 ) 
) 
) ( X X ( L I ) » L 1 = 1 , M ) 
X K O U T ( I ) , 1 = 1 , 7 ) 
, 3 X , I 2 , 3 X , 1 2 , 3 X , I 2 , 3 X , 1 2 , 3 X , 1 2 , 3 X , 1 2 ) 
) 
. 3 ) " 
) 
r (<) = c. 
JM ( K ) = 0 . 
0 0 1 1 C K = 1 , M 
O O 1 1 0 K K = 1 , F 
E ( < , K K ) = 3 . 
C O 1 1 1 K = l , 7 
* C U T ( K ) = C . 
C O 1 1 2 < = i , e 
E R R ( K ) s O . 
C O 1 1 3 I = 1 , N I -
C O 1 1 3 J - l l . N 
A ( I , J ) * 3 • 
D O 1 1 * I = 1 C , P 
O C l i t j = l t N 
A ( I , J ) = 0 . 
o c i i ^ « 1 = 1 , Y P(I) = C 
APPENDIX D 
FORTRAN CODE OF LP MODEL 
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GPA GPA GPA 
GFA GPA GPA GPA GPA GPA GPA 





FFCGR CIKEN UNFIX 1KOUT( 
• - j C = 1 
tQ = 5G NHH = i S2 = G. M = 20 N = 47 NH = 9 NP = 4 KKK = 1 RSIN= AX = u • EX = u , DO 7? DO 77 7777 A (L »L READ ( 1001 FORMA DO 77 DO 77 7771 A (Ml, TCLd TOL 12 TOL(3 TOL ( 4 INFIX INFIX INFIX INFIX INFIX INFIX INFIX INFIX 
0 p M - j 5Q0C A(i,1 A (1,2 
1 = 2 
— " j = c -55 A(I,J 1=1 + 1 J = J + 1 IF (I. 




0 • 0 5 C3 77 77 L) 5, T ( 71 71 N2 ) = ) = ) = ) = (1 (2 (3 
(<4 (5 (6 (7 (6 
15 
31 7fi L = LL 
F12 r l 
VZ ) =D 3.C 0.0 
- c )=4 )=4 )=2 )=2 ) =2 )=1 ) =9 ) =0 
= 1,N C 1) ((C(I,J) ,I=1,NHH), J=1,NP) .3) = 1,NHH = 1,NP (Ml, V2)/1000 • CO 31 " " -CO 01 CGI 
c o c a e o o o i -
9 
2) = -l C ) = !• 
) = 1.3 
GT.9) GC TO 5 
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GO TC 1 = 2 J = 13 A (I, J 1 = 1 + 1 J=J + 1 IF (I. GC TG 1 = 2 J = 28 A < I, J 1=1 + 1 ~J = J+1 IFCI. •GO- TC 1 = 10 J=6 A ( I , J 1 = 1 + 1 J = J+1 IFCI. GO TO 1 = 10 J = 21 A CI .J 1 = 1 + 1 J = J + 1 IF CI . GC TC 1 = 17 J = l A CI, J 1=1 + 1 J = J+1 IFCI. GO TC 1 = 3 J = 5 ACI. J 1 = 1 + 1 J = J + 1 IFCI. GO TO 1 = 11 J=2I A<I,J 1 = 1 + 1 J=J+1 IF CI. GC TC 3 CIO) CC 30 A (I, I A CI + 7 9(1) = 9 C 2) = 9(3) = 
55" 
) = - ! 
GT.16) GO TO 6 44 
) =1. 
C-T.20) GO TO 7 66 
)=-G. 04 
GT.16) GO TO 8 77 • 
) = 1. 
GT.16) GO TO 9 
88 ""~ 
) = 3 .0 01 
GT.20) GO TO 11 1010 
)=-1 .C4 
GT.c) GO TO 12 
9999 
)=-!.C 
GT. 14 = £Q 3 I + 10 ,1 + 0. 
ico 
5 00 
16) GO TO 131Z 14 
= 3,9 ) = FBIN + 1V il)=R9IN 
0. 0. 
134 
















lG 0 23Ui4 
B (*) = B (5) = 3 (6) = 
BI?)' 
= B ( 9 ) = 
DO uu_ R (I) = CCNTI 
DO 2j 
6 ( K ) = IF(KI« "W^IT" WRITE WRITE WRITE " WRITE Ŵ ITE WRITE WRITE " WRITE WRITE WRITE WRITE ~ WRITE 3 FCRMA 
30 0'. ' 500 • 500 . 0. 5 C 0 1 0 0 0 . M5 i=ii,16 i 
c . ME 
U K = l 
K.NE. (6 (6 16 (6 <6 <6 <6 <6 
(6 (6 (6 (6 
13 13 10 13 ID 10 10 10 10 1G 10 13 13 
"10 8 
201 20 2 2C 3 2 j 7 
225 
10 9 
FORMA FORMA FC XA A CCNTI CALL Sl = -X "DO 13 K P3 (K DO 10 FP (K) XX (K) WRITE WRITE W-ITE "WRITE 
w r i t e : WRITE WRITE WRITE WRIT£ FCRMA FCRMA FORMA FCRMA WRITE FORMA CO 13 P (K ) = V (K) = JH (K) DO 11 
T (F12 T (11-1 7 (10F T (6F1 ME SIMFL (12) + 7 K = l ) = KE ( 5 K = i = F <K) = X (K) (6 , 20 (6 (6 (6 (6 (6 (6 f6 (6 
7. 
1) 5) 6) 5) 6) 5) 6) 5) 6) 5) £) 5) 3) 5) .3 ,/ 11 2. 
X ( X( ,N K)
,M 
20 •. . . 
GC TO 23M» 
<(A(T,J) ,J = l,lu) ,1=1,M) 
(( A,( I_, J) , J = l 1, 23 ) , I = lj M) 
((A (I , J) ,J = 21, 30 ) , 1=1, M) 
(<A(I,J) ,J=31,<*D),I=1,M) 




.3.1 . . 
INFIX,A,E,TOL,PRKOUT,ERR,JH,X,P,Y,KB,E) 
23 ) 
2C 20 20 
20 20 2" T (10F T (/// 7 (15X T (1EX (6,22 T (lhl c K = l 
c . 
= 0 
2) 2) (KE3(I),I=i,N) 2) 
i ) ( x x ( i r , i = i ,MV 2) 1) (PP(I) ,t=i,M) 2) 7T {KCUT{TT,I = r , 7 r 2) 12.3) 
//) 
, a i 5 ) 5) 
, / / / / / / / / / / / / / / / ) 
. s» " " • ' 
K = t 
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PROGRAM fiR 74/?4 • CPT = i FTN 4.6+460 
DO I1T" K*='1,~K 
CO 113 1 = 1, NHH DO 113 J=5,N 
u u 1 1 «i i = 1 / » 
DC 114 J = i,N 114 A (I,J) = 0. '" ' DC 1144 1=1,> " 1144 B(I)=C. DO 115 1=1,N 115 KB(I)= 0. 
e : c u = 5 c : u o v ~ ~ ~ •DEU=0. DO 2517 1=12,20 MW=K5E(I) IF (X W • FQ • 17 ) "GO" TOT 28 Iff CEU=CEL+>X(MW) GC TC 2817 2813 CEL' = DEU 2 31 7 CCNTIME" " ~ ~ CO 2215 TX=21,27 ME=KEE(I*) IF(ME.EQ.O) GO TO 2820 
WRITE (6,2821) CERA,RBIh,IC 2321 FORMA T ( / ,1CX,F12. 3,5X, F12. 3, 5X, 15, /) 
TC = TC+I~ " 
WRITE (6,1236) LDCM=lCOM+l KK< = KKK + 1"' AS = A 5 S (31-52) IF(AS.LE.2.) GC TO 50C1 
2 C'JT "EGU = TCL' + XX (KT) GO TC 2815 2820 ECU = ECL! 2815 CCNTINLE CERA=CEU/ECU R8IN=£> + EX*CE=>A 
1236 FORMAT (/////  
215 S2 = S1 
'GO TC" SQUT'— 5QC1 CONTINUE STOP 
ENO 
SYMBOLIC REFERENCE MAP (R=l) 
110 5(K.KK)=C. CC 111 K = l,7 111 KOUT ( k ) = ! 3 . 
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